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PLATE I 


TYPES OF FORMS OF AURORAE 


Amongst the forms without ray structure we here sce auroral arcs of different forms 
and positions. 


Journal of the Royal Astronomical Society of Canada, 1929 
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PLATE Il 


TYPES OF FORMS OF AURORAE 


Here are hands, also the more diffuse forms and, lowest down, pulsating forms. 


Journal of the Royal Astronomical Society of Canada, 1929 


12 IB 16 
| 14 IB 1§ ID 
16 ID 17 iD a 
\ lan 
2 20 & 
| 


PLATE III 


TYPES OF FORMS OF AURORAE 


Various forms of ray structure; arcs and bands, and, lower down, curtains. 


Journal of the Royal Astronomical Society of Canada, 1929 
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TYPES OF FORMS OF AURORAE 


Rays of different thickness and extensions, often in great masses, and the corona. 


Journal of the Royal Astronomical Society of Canada, 1929 
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PHOTOGRAPHIC ATLAS OF AURORE 
(SKETCH) 


The different forms of aurora are not sharply defined but fluctuate from one 
into another. Different forms can appear at the same time. 


I. FORMS WITHOUT RAY-STRUCTURE 


IA. Homogeneous quiet arcs. They can appear near the horizon and between 
the arc and the horizon a dark segment is often seen. (2) Narrow or broad, very 
often diffuse along the upper border but sharp along the lower one. 

Single (2), or double (1). When the arc is double, the upper arc can turn 
around in the eastern end and continue as the lower arc (on the northern hemi- 
sphere). The lower border can be regular like a rainbow or can be more irregular, 
(in the latter case very often strongly luminous and transforming soon afterwards 
into rays). The arc can also appear across the heavens from horizon to horizon 
(4, 5, 6). The two borders are in this case generally similar, very often with 
more faint arcs parallel to and beside the main arc. Several parallel arcs can 
appear at the same time. Sometimes the arc can be diffuse with irregular dis- 
tribution of the brightness (6). The parallel arcs can merge together and form 
a large arc or zone across the heavens (a). The arc can also be divided in several 
narrow arcs (8) or be split up in irregular fibres in the direction of the arc (7). 
Often only remnants of arcs can appear, from the horizon to a certain height or as 
isolated parts (10). 


I B. Homogeneous bands. These forms have not the regular shape of the 
arcs, and they are also more rapidly moving phenomena. The lower border is 
often irregular (11) and sharp. Sometimes the band consists of a segment of 
semicircular and ellipsoidal shape, more luminous where we see it tangentially, 
and moving independently across the sky in the usual direction of the arcs (12). 
The band can also show one (13) or more slings (14). The breadth can vary 
from a very narrow band to a band which is so large that it resembles a curtain 
hanging down. These bands very often turn into bands with ray structure 
(II A). 


IC. Pulsating arcs. Parts of an arc can flash up and disappear regularly 
with a period of about 20 seconds. This form stands often quite isolated in the 
sky without other aurora. The pulsation can often be more rapid and much 
more intense in such way that whole arcs appear and disappear one after another 
almost at the same place. 


ID. Diffuse luminous surfaces. Either like a diffuse veil or glow over great 
parts of the heavens without distinct limitations (15) often appearing after 
intense displays of rays and curtains, or as more isolated feebly luminous rests 
(16), which sometimes have a striking resemblance to clouds (17). Sometimes 
large areas of the heaven can be coloured by a violet or red, diffuse light. 


IE. Pulsating surfaces. Diffuse patches can appear and disappear rhyth- 
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mically at the same place, retaining the same irregular shape (18, 19). When 
the patches are lying near the magnetic zenith the contours can be more sharp 
(20), and we can have a sort of corona. These forms appear often in connection 
with flaming aurora (III). 


I F. Feeble glow near the horizon resembling the dawn, of white or redlike colour. 
This form often is the upper part of an arc whose lower border is underneath the 
horizon. 


II. FoRMS WITH RAY-STRUCTURE 


These forms are formed by short or long rays which can be arranged in different 
ways. 


II A. Arcs with ray-structure. A homogeneous arc which for a rather long 
time has remained quiet and unaltered can become sharp and luminous along the 
lower border and then very rapidly change in an arc of rays (21). The rays can 
be short (20, 22) or long (21). 


II B. Bands with ray-structure. Resembles the bands mentioned under J B 
but are constituted of a series of rays which can be arranged close to each other 
along the band (23, 24) or can appear more scattered (26). Often a series of 
parallel bands appear (25). When a band is near the magnetic zenith it may have 
the form of a corona (26). 


II C. If the rays become very long the band appears like a curtain or drapery, 
whose lower border often is more luminous (27-32). Several parallel curtains can 
frequently appear at the same time (28). Near zenith the curtain can on account 
of the perspective have a fanlike form (28, 31). 


II D. The rays can also be isolated (33, 34, 35), be narrow (33, 35) or broad 
(34), short (34) or long (35). They can appear in great segments (36, 38) or like 
masses of rays (37), very often resembling curtains (39-41). 


II E. When the rays approach the magnetic zenith they seem on account of 
the perspective to converge to this point and we get a corona. This may be 
formed by long rays (43) or by short ones (44), can be complete (43, 44) or 
incomplete, for instance we can have only half a corona developed (42, 45). A 
corona can also be formed by bands (26) or by draperies (28) near the magnetic 
zenith (or by more diffuse forms (20)). 


III. FLAMING AURORA 


A characteristic, rapidly moving form, consisting of strong waves of light 
which rapidly one after another move upwards in the direction of the magnetic 
zenith. The waves can have the form of detached arcs which move upwards 
normally to the direction of the arcs or they can be compared to invisible waves, 
which in their passage illuminate broad rays and patches which appear and dis- 
appear rhythmically when the waves pass them. 

Appears frequently after strong displays of rays and curtains and is fre- 
quently followed: by the formation of a corona. 
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INTERNATIONAL CO-OPERATION FOR AURORAL 
RESEARCH* 


By CarL ST6RMER 


In an article recently published in ‘‘Arctis’’ I gave a survey of 
the future problems and lines of research presented by the polar 
lights. In this short paper I shall only point out certain very im- 
portant observations which can be made by international co- 
operation from stations round the polar regions. 

As is well known, such international co-operation took place 
during the polar year 1882-1883 from ten stations, and a large 
number of observations of polar lights were made. Since that time, 
both the methods of observation and the theory of the aurora 
have made very essential progress, mostly due to Norwegian 
scientists. For this reason we are now much better prepared to 
make successful observations, which may advance theoretical 
knowledge, than we were during the last international polar-year. 

In particular the introduction of photographic methods has 
rendered the observations much more definite and reliable, and has 
made it really possible to measure the altitude and situation of 
the polar lights. In showing you some of the results obtained by 
photography I hope to make quite clear the importance of this 
method. 

Before Brendel and Baschin in 1892 succeeded in taking a 
photograph, with 7 sec. exposure, of an aurora in Bossekop, no 


1An address delivered before the International Astronomical Union at 
Leyden, Holland, July 1928. Illustrated by lantern slides. 
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2 Carl Stérmer 


attempt to photograph with short exposure had succeeded. After 
that time several years elapsed before a fresh attempt was made. 
This was not until 1909, when I myself began to make systematic 
experiments to obtain good photographs of aurora. 

By means of a small kino lens, with aperture 25 mm. and focal 
distance 50 mm., and plates Lumiére étiquette violette I succeeded 
on my first expedition to Bossekop in 1910 in taking a long series 
of good photographs of the aurora and in measuring its height and 
situation in space by photographing it from two stations connected 
by telephone. On the plates we get also the photographs of the 
stars and, from the observed hour, the situation and length of the 
base-line, and the situation of the aurora among the stars on the 
two plates, its height and position in space can be measured and 
calculated. 

The measurements of height obtained in 1910 were not so good 
because I had too short a base-line (only 4% km.). In 1913 I made 
a new expedition to the same place and with a base-line of 274 km., 
I then obtained several hundred good photographs. 

The material collected in 1911-1922, about 300 photographs, 
has been published; and from 1922 till now I have collected more 
than 500 new photographs, the measurement and calculation of 
which have now commenced. 

In order to show the general results of my photographic 
measurements of aurora in the north and south of Norway, I have 
constructed the diagram in Fig. 1 in which each altitude calculated 
is marked by a dot, those from the north of Norway to the right 
and those from the south to the left. These were the first reliable 
determinations of the height of the aurora over Norway. 

The very great heights shown to the left are due to the circum- 
stance that the auroral rays lay in the sunlight. We shall return 
to_this phenomenon later. 

Our photographs have also been used to determine the geo- 
graphical situation of homogeneous and quiet auroral arcs over 
Scandinavia. The arcs are nearly parallel to circles having their 
centres on the magnetic axis of the earth. 

Since I began to take photographs of the aurora similar results 
have been obtained by Krogness and Vegard, and also by a number 
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of other scientists. For details I would 
you to my article in “Arctis”. 

If only one photographic station is in action, 
very valuable results may also be obtained, c.g., 
the geographical situation of the homogeneous 
arcs by assuming their lower border to be at a 
given height 
aurora. 


refer 


forms of 
This method was employed for the 
photographic material collected by Professor 
Sverdrup and his assistants on the “Maud” 
expedition in the north of Siberia, and the re- 


common for those 


‘sults have been published by my assistant 


Wesoe. The directions of the auroral ares 
follow the same law as in Scandinavia, viz., 
are very nearly parallel to the circles having 
their centres on the magnetic axis. 

After this short résumé of the photographic 
method, I will make some remarks on the or- 
ganization for a future international co-oper- 
ation in the study of polar lights. 


Fic. 1. 


Measured heights of the aurora. 


Each height is marked 


by a dot, those from the north of Norway to the right and those from 


the south to the left. 
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4 Carl Stormer 


At the meeting of the Geodetical and Geophysical Union in 
Prague last summer a committee was appointed to prepare a 
photographic atlas and a scheme of observations of the aurora. In 
the course of the past winter I have selected photographs for this 
atlas and have worked out the necessary explanations and the 
scheme of observations. 

I think it may perhaps interest you to have a short survey of 
the different auroral forms, and some selected photographs are 
reproduced in Plates I-VI. 

Plate I.—Amongst the forms without ray structure we here see 
auroral arcs of different forms and positions. 

Plate II.—We have here bands, also the more diffuse forms 
and lowest down we have the pulsating forms. 

Plate III.—Amongst the various forms of ray structure we 
have first the arcs and bands which you see here, and lower down 
ithe curtains. 

Plate IV.—Finally we have rays of different thickness and 
extensions, often in great masses, and here also we have the corona. 
(A fuller description accompanies the plates.) 

As soon as such an atlas and scheme have been adopted the 
uniformity and effectiveness of observations can be settled, but 
the use of photography is of essential importance. Even with only 
one photographic station, 7.e., without a base-line, very valuable 
records of aurorze can be obtained and with much greater accuracy 
than by visual observations. 

Let us consider what problems can be solved by international 
co-operation. 

In the first place the frequency, height and situation of the 
different auroral forms can be determined as functions of the time 
and geographical place. 

As regards the height, it is very important to have measure- 
ments from the places near the magnetic axis in northern Green- 
land, e.g., Smith’s Sound, and from the Antarctic where no such 
determinations have been made. 

Further we can get more information regarding the new and 
remarkable fact that auroral rays exposed to sunlight appear to 
be twice as high in the atmosphere as those in darkness. 

This fact may be of great importance for the theory of the 
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aurora and the upper atmosphere. On Fig. 2, representing the 
situation of the auroral rays during the night of March 22-23, 1920, 
the small horizontal streaks represent the limit between the sunlit 
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Fic. 2. Diagram showing the situation of the auroral 
rays during the night of March 22-23, 1920. The small 
horizontal streaks represent the limit between the sunlit 
atmosphere and the dark atmosphere. The rays are much 
higher when exposed to the rays of the sun. 


atmosphere and the dark one, and you clearly see how the rays are 
situated much higher when they are exposed to the rays of the sun. 

The vertical ones represent the extension of the auroral rays. 
If the foot or summit goes out of the photographic field, I have 
put an arrow at the base or top of the ray. 
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On the other hand it would be very important to decide whether 
the aurora can descend to the level of the clouds as has been stated 
by several arctic explorers. If so, the corpuscular rays comin: 
from without and penetrating the atmosphere down to this region 
would be of very great interest both to astronomers and physicists. 


If a series of photographic stations could be established round 
the auroral belt as in 1882-1883, the complete geographical situation 
of the long homogeneous arcs could be settled. Photographs taken 
at one station of such an arc through the zenith for horizon to 
horizon would give its extension over a length of 1500-2000 km., 
and a series of stations in northern Siberia, Alaska and Canada, 
with intervals of 2000 km., would probably give very important 
information regarding the geographical extension of such arcs. In 
fact, the lower border of arcs usually lies from 90 to 120 km. above 
the earth, and photographs of the arc from single stations would 
then be sufficient. 

Other important questions could be decided by stations round 
the auroral belt, e.g., whether the exact hours of the following 
phenomena are the same around the auroral belt or not: 

(a) The moment when a homogeneous arc changes into rays and 
curtains. 

(6) The moment when rays and curtains fade and change into 
diffuse forms. 

(c) The moment when pulsating forms appear and end. 

(d) The moment when flames towards the zenith appear and 
end. 

(e) The moment when a homogeneous arc reappears. 

Observations like these would be of great importance in the dis- 
cussion of theories of the aurora. 

As regards the detailed programme for auroral stations I would 
refer to the scheme of observations and to my reports from the 
auroral stations in Norway. 

The camera which I have found to be the best for field stations 
was constructed at the Haldde Observatory by Krogness and his 
assistants, and I have found it to be very practical in use. With it 
six small pictures can be taken on each plate and the camera can 
be pointed in any direction. 
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As to the establishment of permanent or temporary auroral 
stations, some information may be of interest. 

In Southern Norway I have in action the above-mentioned 
photographic stations connected by telephone to Oslo and I hope 
to maintain them still for several years. 

In northern Norway the new auroral observatory given by the 
Rockefeller Education Board and maintained by the Norwegian 
Government wil! be ready for use this autumn (1928) and there all 
possible researches about aurora, terrestrial magnetism and allied 
phenomena will come on the programme. 

In Sweden photographs of aurora will be taken as in the years 
1922-25 from stations in the north and possibly also in the south 
and probably also photographic dterminations of height and 
situation. 

In Finland, photographs and photographic determination of 
height were made last winter in Sodankyla and will probably be 
continued. 

Professor la Cour has recently told me in a letter that he has 
brought two photographic cameras to Greenland, where they will 
try to get photographs from Godhavn and possibly from another 
station farther south. 

In Lerwick on the Shetland Islands also photographic work will 
probably be tried very soon. 

I have also been informed that a photographic station will be 
established in Fairbanks in Alaska in order to get photographs 
and photographic determinations of height and situation. 

As to Russia and Siberia, I have just been in Leningrad and 
have discussed it with the authorities. I have good reason to 
hope, that photographic stations for determining the height and 
situation of the aurora will be established this or next year on Nova 
Zembla, at the Lena-river and on the new Siberian Island and 
perhaps on some other places. 

Thus for completing the observation-circle round the auroral 
belt it remains to get photographic stations in northern Canada in 
the neighbourhood of the auroral zone. 

If this address might contribute to the establishment of such 
stations in Canada I should consider this result as a most important 
one for the future researches on the aurora. 
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PAPERS PREPARED FOR THE DOMINION ASTRONOMI- 
CAL CLUB 


Mura, THE WONDERFUL STAR! 


Seminar No. 75. 

The Star Mira, or Omicron Ceti (R.A., 2h 24m, Decl., —3° 38’) 
is a well known variable star and has probably been studied more 
thoroughly than any other single star in the heavens. It varies in 
brightness from a maximum of 2.8 magnitudes to a minimum of 9.6 
with a period of approximately 330 days. The period is not perfectly 
regular and maximum and minimum do not always occur on the 
predicted dates. Also the brightness at maximum and at minimum 
varies considerably, the figures above representing the extreme 
limits of variation in magnitude. Mira belongs to a class of stars 
known as long period variables of which there are many in the 
heavens, and it is probable that the unusual features that charac- 
terize Mira are also present in most other long period variable 
stars. Mira is of particular interest to the astronomer because of 
its brightness which makes possible a detailed study of its proper- 
ties with high dispersion apparatus. The majority of long period 
variables are so faint that they cannot be observed at minimum 
even with the most powerful telescopes in existence. 

The spectrum of Mira is of Class M which is characterized by 
titanium oxide bands and by the arc lines of numerous metallic 
elements. Between the times of maximum and minimum, the 
spectrum of the star exhibits a series of remarkable changes. The 
titanium oxide bands which are strong at minimum become weaker 
as the star increases in brightness. As maximum is approached 
bright hydrogen lines make their appearance first Hé then Hy. 
Hg and Ha later become visible as bright lines along with more 
refrangible members of the Balmer series but they are always 
weaker than Hé and Hy. This anomalous distribution of intensi- 
ties has not as yet been completely explained. The bright hydrogen 
lines continue to increase in strength until about a month after 
maximum when they begin to decrease. They disappear at magni- 


1A. H. Joy, Ap. J., 63, p. 281, 1926. 
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The M-Type Giants 9 


tude 8.0. A study of the hydrogen lines under high dispersion 
shows them to be composite, each consisting of three components. 
In addition to the lines of hydrogen, numerous other lines appear 
in emission including a number of lines of neutral and ionized iron. 

A study of the velocity displacements of various lines in the 
spectrum of Mira made at Mt. Wilson, has been productive of 
most interesting results. The velocities of the bright hydrogen 
lines indicate a motion outward from the star relative to the 
absorption lines, except near minimum when the velocities are the 
same. The velocities of the absorption lines have been shown 
to have a definite period of oscillation similar in many respects to 
that of a spectroscopic binary star. The range in velocity is 
small (5.9 km./sec. from the mean) and reasonably high dispersion 
is necessary to observe it with sufficient accuracy; but the reality 
of the effect can scarcely be questioned. The spectral type of 
the star varies with its light changes, the earliest type corresponding 
to maximum light and the latest type occurring at minimum. 

An interesting feature of the recent studies of Mira has been 
the discovery of a faint visual companion. The existence of the 
companion was first suspected because of the intrusion of its 
spectrum with that of Mira at minimum phase and it was later 
observed visually by Aitken at the Lick Observatory. It is a 
star of type B8 of magnitude 9.8 and has a number of bright lines 
in its spectrum. 

In discussing the results of observations of the spectrum of 
Mira which have been made at Mt. Wilson, Joy has pointed out 
that the variations in spectral type which occur, considered in 
connection with the observed oscillation of the absorption lines, 
present analogies with similar phenomena exhibited by the hotter 
variables. This points to the possibility that the causes of the 
variations in stars of this type may eventually be found to be 
similar to the causes of Cepheid variation. 


C. S. BEALS 


THe M-Type GIantTs 
Seminar No. 93. 


The intention was merely to discuss two papers in the June, 
1928, number of the Proceedings of the National Academy of 
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Sciences by (1) Luyten and (2) Stebbins and Huffer on absolute 
magnitudes and certain tendencies to variability. Previous work 
necessarily had to be introduced and so the historical development 
will be outlined. 

In 1905 from rather meagre data Hertzsprung showed that 
there were two classes of red stars whose real luminosities differed 
greatly. With Russell’s later contributions the ‘‘giant’’ and 
“dwarf’’ theory was placed on seemingly secure ground. 

In their (1921) spectroscopic parallaxes for 1646 stars the 
Mt. Wilson observers had a goodly number of red giants ranging 
in absolute magnitudes from —1.0 to +1.0 with a clustering about 
a mean value of about +0.2. Our (1923) Victoria results for 82 
giants were such as to assign higher luminosities to the extent of 
over a magnitude but with a much greater spread in the lumi- 
nosities, some being of exceptional brightness. 

In 1924 Luyten (H.C. 273) discussed the M-giants statistically, 
using 180 stars whose proper motions and radial velocities were 
determined. He obtained from such treatment a mean absolute 
magnitude of —0.8. While assuming them at the start as homo- 
geneous a group as could be found, a consideration of their space 
velocities suggested that they were better considered as of two 
groups, one a fast and one a slow moving one. 

In Groningen Publications No. 38 (1925) van Rhijn determined 
frequency curves for all the classes based upon proper motion data. 
For stars fainter than 6.5 apparent magnitude he used various 
catalogues but for those brighter, Boss’ catalogue was used. While 
he determined curves for all types he was particularly anxious to 
see if the division of the M’s into giants and dwarfs was shown. 
He concludes that while there is a scarcity of stars of M2 and later 
sub-types between absolute magnitudes +2 and +8 it is due 
more to a lack of discovery rather than to the non-existence of 
such. 

In 1926 Mt. Wilson issued their revised and enlarged list of 
the absolute magnitudes of 410 M-type stars. The giants were 
based upon peculiar motions. 28 of the number brighter than 

—1.0 mag. were classed as supergiants; the remainder showed no 
dispersion with a mean value —0.2 mag. and thus were 0.4 mag. 
or more brighter than the previous determination. The authors 
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deem it improbable that intermediate values between giants and 
dwarfs exist. The supergiants show a strong galactic concentra- 
tion and most of them show emission. 

Luyten (1928) in Proceedings N.A.S. criticizes van Rhijn for 
using proper motions from sources not homogeneous with Boss 
and considers his (van Rhijn’s) results unreliable. He elaborated 
on the Mt. Wilson discovery of the galactic concentration of the 
supergiants and considers —0.6 mag. as a mean absolute magni- 
tude value for galactic latitudes less than 20° and —0.1 mag. for 
higher latitudes. 

A survey by Stebbins and Huffer (1928) of all red stars north 
of —10° declination and brighter than 6.0 apparent magnitude as 
to variability showed 48 as real, 22 as suspected variables and 
94 constant in light. Interesting deductions were: variability 
increases with (1) increasing redness and (2) increasing luminosity. 
Graphs confirmatory of these conclusions are shown and these 
established facts are in line with the generally accepted idea of the 
evolutionary changes going on. 


W. E. HARPER 


Cosmic Rays 
(Review of recent papers by Millikan and others)! 


Seminar No. 94. 

A brief historical summary is given in the first of these papers, 
which then describes work done by Millikan and Bowen in 1922 
with sounding balloons. Their work indicated that the rate of 
discharge of an electroscope at altitudes greater than 5 km. is 
on an average about three times that at the earth’s surface. The 
cause of this is penetrating radiation whose existence and nature 
had to some extent already been demonstrated by Kolhérster. 
These experiments gave practically no information about the 
distribution with altitude of this radiation or about its hardness. 

In the summers of 1922-23 Millikan and Otis did a considerable 
amount of work with electroscopes in balloons, aeroplanes and on 
Pike’s Peak and Mt. Whitney. The effect of screening the electro- 


» ‘Physical Review"27, p. 353, 645; 28, p. 851; 31, p. 921; 32, p. 533; and 
Science, LXVIII, 279. 
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scope with lead screens was investigated on Pike’s Peak. The 
penetrating radiation was demonstrated to be independent of 
daylight or darkness or the position of any heavenly body, including 
the Milky Way. No directional effect could be detected. 

Millikan and Cameron (1925), working with more sensitive 
electroscopes find the variation of rate of discharge at various 
levels in Muir Lake (11,800 ft. above sea-level) and Arrowhead 
Lake (5,100 ft.). These lakes are snow-fed and consequently 
their waters are not contaminated with radioactive material. 
They thus provide a homogeneous, non-radioactive screen of any 
required thickness while owing to their altitude the cosmic rays 
are relatively strong at their surfaces. There was good agreement 
between the two lakes (allowing for different altitudes). The 
ionization-depth wave obtained could not be explained by postu- 
lating a single absorption coefficient. This was the first indication 
that the cosmic rays were not all of the same wave-length. 

Similar experiments were conducted in 1926 in lakes in the 
Andes. There was agreement with the northern hemisphere. An 
absence of correlation with the position of the Milky Way was 
again demonstrated. The penetrating radiation was also shown 
to be independent of thunderstorms, thus disposing of a suggestion 
made by Prof. C. T. R. Wilson. Absorption coefficients were 
found varying from 0.25 to 0.15 per metre of water, the correspond- 
ing wave-lengths (Compton's formula) are .000525A. and .00032A. 

In June 1928 further and more accurate work in snow-fed lakes 
at high altitudes (northern hemisphere) is reported. The resulting 
ionization-depth curve can be explained by postulating cosmic 
rays with absorption coefficients 0.35, 0.08 and 0.04 per metre of 
water. The ionization at sea-level due to this radiation is found 
to be 1.4 ions per cc. per sec., in agreement with previous work. 
The total energy brought into an atmosphere by these rays is 
calculated to be 1/10 that of starlight. 

In the last paper (October 1928) Millikan and Cameron utilize 
recent experimental work by Aston and theoretical work by Dirac 
to show that the cosmic rays found in their experiments can be 
explained as a result of the creation in a single act of various common 
elements, viz., helium, oxygen and nitrogen, silicon, aluminium 
and magnesium, and possibly iron from either hydrogen or helium. 
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Remarkable quantitative agreement with experiment is found. 
The phenomenon is supposed to occur under the conditions of 
very low pressure and temperature in interstellar space. Diff- 
culties are mentioned and discussed. This work provides evidence 
for the actual building up of elements, and if electrons and protons 
can be formed from radiation (and since the converse is held to 
be possible this may be possible also) and if the second law of 
thermodynamics could be modified a little,, the final decay 
(‘‘Warme-tod’’) of the universe recently emphasized by Jeans! 
could be avoided. More serious difficulties arise here but Millikan 
and Cameron hope that these will be cleared up by further theo- 
retical and practical work. 


R. O. REDMAN 


THE MAGELLANIC CLOUDS 


Seminar No. 97. 

The Magellanic Clouds, named after the great Portuguese 
navigator of that name, are two cloudlike formations of stars seen 
in the southern skies. The Larger Cloud of angular diameter 7°.2 
is in declination 69° south and the Lesser of half that angular 
diameter is in declination 73° south. They consist of a multitude 
of faint stars from the eleventh to the eighteenth magnitude, 
there being about 500,000 in the Lesser Cloud that are brighter 
than the eighteenth magnitude. In both Clouds are found globular 
clusters, gaseous nebulae, Wolf-Rayet stars and other peculiar 
objects, much as exist in our Milky Way, and indeed, they have 
been thought of as detached portions of our own galactic system. 

The radial velocities of several of the gaseous nebulae found 
therein have been determined by Wilson,* Hertzsprung* has sug- 
gested a plausible explanation of the range found to exist, whilst 
Shapley‘ in numerous short papers has derived the distances of 
these Clouds and the absolute magnitudes of the objects found 
therein. 


! Nature 121, p. 467 (1928); Nature 122, p. 698. 
*Lick Observatory Publications, Vol. 13, page 187. 
* Monthly Notices, Vol. 83, page 348. 

‘Various Harvard Circulars 251 to 300. 
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The Magellanic Clouds 


Basing his results upon the nebular emission lines N; and N» 
and the hydrogen emission H8 Wilson found for 17 nebulae in the 
Larger Cloud velocities of recession ranging from 251 to 309 with 
a mean of 276 km./sec. Two nebulae in the Lesser Cloud gave a 
mean velocity of recession of 163 km./sec. Hertzsprung assumed 
that parallel motion in space was sufficient to account for the 
variation found, and using the nineteen velocities deduced a speed 
of 620 km./sec. directed to the point R.A. 4h 41m and Decl. 
—5°.6. Certain speculations were made regarding the amount 
of the proper motion resulting therefrom. 

By establishing sequences in each Cloud based upon the north 
Polar Sequence Shapley obtained revised photographic magni- 
tudes of the faint stars. He used the median magnitudes for several 
Cepheid variables whose periods had been determined by Yama- 
moto and Miss Leavitt to deduce the parallax according to the 
period-luminosity law. He obtained for the Lesser Cloud 0’’.000032 
and for the Greater one 0’’.000029, distances slightly greater than 
100,000 light years. 

On this basis of distance several objects in the Large Cloud 


seem to be exceptionally bright. Thirty-two O-type stars have a 
mean absolute magnitude —5.1, the brightest variables at maximum 
are —7.5 while the brightest stars of constant light are brighter 
than —8. He feels that it is just possible some revision may be 
necessary in his fundamental period-luminosity curve and later 
papers deal with that aspect of the question. 
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PLATE V 


SOUTHERN PART OF THE FILAMENTOUS NEBULA. N.G.C. 6900 CYGNI 


Taken by G. W. Ritchey with the 60-inch Mt. Wilson reilector, July 12. 13, » 2985. 
Total exposure 12 hours. 


Journal of the Royai Astronomical Society of Canada, 1929 


ANNULAR NEBULA MESSTER 57 LYRAE 


Taken by G. W. Ritchey with the 60-inch Mt. Wilson reflector, July 1, 1910. 


Exposure 45 minutes, 


Journal of the Royal Astronomical Society of Canada, 1929 
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PLATE VII 


SPIRAL NEBULA MESSIER 101 URSAE MAJORIS 


Taken by G. W.. Ritchey with the 60-inch Mt. Wilson reflector, March 10, 11, 1910. 


Potal exposure 7'. hours. 


Journal of the Royal Astronomical Society of Canada, 1929 
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PLATE VIII 


SPIRAL NEBULA MESSIER 51 CANUM VENATICORUM 


Total exposure 1034 hours. 


Journal of the Royal Astronomical Society of Canada, 1929 


Taken by G. Ww. Ritchey with the 60-inch Mt. Wilson reflector, April 6, 7 
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THE MODERN PHOTOGRAPHIC TELESCOPE AND THE 
NEW ASTRONOMICAL PHOTOGRAPHY 


By G. W. RITCHEY 
Part V.—THE NEW ASTRONOMICAL PHOTOGRAPHY 


1. Due to the better observatory sites which have been found, 
to the better telescopic images given by the Schwarzschild and 
Ritchey-Chrétien telescopes, and to the smaller angular fields which 
will now be sufficient for most purposes of astronomical measure- 
ment because of the much fainter comparison stars (reference stars), 
which will now be photographed, we shall soon measure astro- 
nomical photographs in which the star-images on the negatives, 
over the entire fields used, have been produced practically by 
telescopic diffraction disks. Let us note, therefore, some elementary 
facts about diffraction disks which are of profound importance in 
the new celestial photography. 

2. Even when atmospheric definition, the figure of the optical 
mirrors, and the alignment or adjustment of the latter are practi- 
cally perfect, the image given by the telescope of a star in the 
optical axis is sti/l not a geometrical point of light. Instead, due 
to the wave-nature of light, the telescopic image is a very small, 
brilliant circle or disk of light, the ‘‘diffraction disk’’, surrounded 
by comparatively faint rings, “diffraction rings’’. In general, we 
are here concerned only with the brilliant central disk, not with 
the rings. 

3. Similarly, when we view, with even the most perfect tele- 
scope, a celestial object having an extended surface, such as a 
nebula, a planet or the moon, the image given by the telescope is 
not formed by a series of geometrically small points, of varying 
brightness, but instead, by a series of very small, round, overlapping 
disks of light, of varying brightness, and of definite, measurable 
diameter. We can readily see that even if all other conditions 
are practically perfect, the degree of sharpness of the image, and 
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therefore the limit of magnifying power of the telescope used, are 
determined by the size of these diffraction disks. 

4. If light-waves were infinitely short, rays of light would be 
geometrical lines, diffraction disks would be geometrical points, 
and so far as this cause is concerned there would be no limit to the 
magnifying power of a telescope of given aperture. All other 
causes which limit this magnifying power are, to a very great 
extent, under our control, if we are really interested enough in our 
subject to find and to use the proper methods of such control. 
But the only practical means we have for decreasing greatly the 
size of the diffraction disks are, first, to utilize light of the shortest 
wave-lengths practicable, and second, to increase the aperture of 
our telescopes. 

5. The angular diameter of the diffraction disk is determined 
by three main conditions: first, it varies inversely as the aperture 
of the principal mirror of the telescope; second, it varies directly 
as the wave-length of the light forming the telescopic image; third, 
it is decreased by a central, circular, opaque obstruction in the 
incident, parallel beam of light, such as the small, secondary mirror 
of the Newtonian, Cassegrainian, Schwarzschild or Ritchey-Chré- 
tien telescope. 

6. For the sake of clearness let us consider, first, only light of 
the wave-length or colour to which the normal human eye is most 
sensitive, namely, yellow or visual light, of wave-length about 0.556 
micron. (We should note that a micron is 0.001 millimetre, or about 
0.00004 inch). Theory and experience show that for light of this 
wave-length the angular diameter of the diffraction disk of a star 
given by a good optical mirror of 60 inches aperture, when no 
central obstruction is present, is 0’’.094. If the focal length 
of this mirror be 300 inches (focal ratio 5 to 1), the linear diameter 
of this diffraction disk is about 3.45 microns, or 0.00014 inch. 

7. Theory and experience show that when a central, circular, 
obstruction having one-third the diameter of the principal mirror 
is placed in the incident, parallel beam of light, the angular diameter 
of the visual diffraction disk is decreased to approximately nine- 
tenths of its diameter when no central obstruction is present. 
Thus, in the best form of the Schwarzschild,' in the low-power 

1This JOURNAL, July-August, 1928, page 219. 
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Cassegrainian, and in the Ritchey-Chrétien telescopes, in each 
of which the diameter of the central obstruction due to the second- 
ary mirror is about one-third that of the principal mirror, the 
angular diameter of the visual diffraction disk for the 60-inch 
aperture is 0’’.085 instead of 0.094; the linear diameter of 
of the visual diffraction disk for the 60-inch aperture and 300 
inches focal length now becomes 3.13 microns, or about 0.00012 
inch. 

8. When the diameter of the central obstruction is one-half 
that of the principal mirror, as in one form of the Schwarzschild 
telescope, the angular diameter of the diffraction disk is decreased 
in the proportion of 1.0 to 0.815, instead of as 1.0 to 0.9. If the 
zone of the principal mirror outside of the central obstruction be 
made more and more narrow in comparison with the diameter of 
this obstruction, the angular diameter of the diffraction disk 
given by this outer zone is decreased more and more nearly in the 
proportion of 1.0 to 0.627, which proportion is attained when the 
outer zone becomes very narrow. 

9. Throughout the present paper we shall be concerned with 
telescopes of 5 metres (16.4 feet) and 6 metres (19.7 feet) aperture, 
in each of which the diameter of the central obstruction is about 
one-third that of the principal mirror. With this central obstruc- 
tion, the angular diameter of the visual diffraction disk of a star 
in the axis is 0”.026 for the 5-metre, and 0”.022 for the 6-metre, 
aperture.” 

10. For these apertures, and for all apertures whatever, the 
linear diameter of visual diffraction disks in the axis is constant 
for all telescopes having a given ratio of focal length to aperture. 
Thus, for all telescopes having a focal ratio of 6.8 to 1, of whatever 
aperture (with the central obstruction as specified), the linear 
diameter of the visual diffraction disk of a star in the axis is 4.25 
microns, or 0.00017 inch. 

11. The linear diameters of visual diffraction disks in the axis 


2These apertures are chosen after five years of collaboration in France with 
M. Delloye, Director-General of the St. Gobain Glass Companies, and after 
seventeen years of laboratory experience in making cellular mirrors, and in using 
them in rigorous optical tests. 
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vary directly as the ratios of focal length to aperture of the tele- 
scopes. For example, let us consider a Schwarzschild telescope of 
focal ratio 2.75 to 1, with the central obstruction as specified. 
Whatever be the aperture of the telescope, with this focal ratio the 
linear diameter of the visual diffraction disk of a star in the axis 
is 1.72 microns, or 0.00007 inch. 

12. Let us note carefully the following examples of the results 
of the foregoing principles upon the light-intensity of the surfaces 
of diffraction disks: First, for a given aperture and for a given star 
in the axis, the visual diffraction disk given by a telescope of 6.8 
focal ratio is 2.473 times larger in linear diameter, is 6.116 times 
larger in area, and is therefore 6.116 times lower in the light- 
intensity of its surface, than the corresponding diffraction disk 
given by a telescope of 2.75 focal ratio. Second, for a given focal 
ratio and a given star in the axis, the surface-intensities of visual 
diffraction disks vary as the squares of the apertures of the tele- 
scopes. 

13. To avoid confusion we have purposely considered, thus 
far, only visual diffraction disks, those given by light of wave- 
length about 0.556 micron. Let us now consider diffraction disks 
given by light of the wave-length or colour to which normal photo- 
graphic emulsions are most sensitive, namely, blue-violet light, of 
wave-length about 0.435 micron. 

14. As briefly stated in paragraph 5, theory and experience 
show that the angular diameters of diffraction disks vary directly 
as the wave-length of the light producing them. Applying this 
principle to paragraph 6, and multiplying the angular diameter 
of the visual diffraction disk, namely 0.094, by the fraction 
435+556, we have 0’’.074 as the angular diameter of the blue- 
violet or photographic diffraction disk for a mirror of 60 inches 
aperture, without a central obstruction. Similarly, from para- 
graph 7 we deduce that the corresponding value when the central 
obstruction is present is 0.067. From paragraph 9 we deduce 
that the angular diameters of the photographic diffraction disks 
given by the apertures 16.4 feet and 19.7 feet, with central obstruc- 
tion as specified, are respectively 0’.019 and 0.016. From 
paragraph 10 we deduce that the /inear diameter of photographic 
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diffraction disks given by all telescopes having the focal ratio 
6.8 to 1, of whatever aperture, is 3.35 microns, or 0.00013. 
And from paragraph 11 we deduce that the linear diameter of 
photographic diffraction disks given by all telescopes having the 
focal ratio 2.75 to 1, of whatever aperture, is 1.35 microns, or 
0’’.00005. 

15. We should note, also, that although the advantages of very 
small ratios of focal length to aperture for photographing very 
faint extended surfaces, such as faint nebulae, have long been 
recognized, and have been utilized by means of short-focus com- 
binations of lenses of moderate aperture, it is only now that the 
advantages of these very small focal ratios become available with 
reflecting telescopes of great aperture, for photographing very faint 
nebulae and fields of excessively faint stars, with exquisite definition 
over a large field, and on a scale sufficiently large for highly- 
accurate measurement. This is due to the best form of Schwarzs- 
child reflector, when used as a fixed telescope with coelostat.® 

16. Dependent upon the angular diameters of visual and photo- 
graphic diffraction disks are the important questions of visual and 
photographic resolving power, and of the visual and photographic 
limits of magnifying power, of telescopes of given aperture. Authori- 
ties do not agree entirely on these matters, because, as we shall 
see, two of the points involved are, to some extent, matters of 
convention. 

17. One of these conventions is as follows: If an eyepiece of 
sufficient magnifying power be used with the telescope, two sepa- 
rate, bright points such as two stars, when very near together, 
can still be just distinguished as two points, when their telescopic 
diffraction disks overlap to such an extent that the edge of one just 
reaches the centre of the other.‘ According to this convention, 
the resolving power of a telescope of given aperture, for close double 
stars and for dense fields of stars, is expressed by an angle which 
is one-half the angular diameter of the diffraction disk due to that 
aperture. For example, since the angular diameter of the visual 
diffraction disk given by the 60-inch reflector (with central obstruc- 

3K. Schwarzschild, Theorie der Spiegelteleskop, Potsdam, 1905; and Ritchey, 


this JouRNAL, May-June, 1928, page 175, and July-August, 1928, page 219. 
4Ch. André, Traité d'Astronomie Stellaire, Paris, 1899, page 20. 
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tion), is 0’’.085, the visual resolving power of that reflector for 
double stars and for fields of stars is 0’’.043. 

18. The second convention usually adopted is that the normal 
human eye can just distinguish the general form of an object which 
subtends to the eye an angle of four minutes of arc, or 240”. A 
definite example will show the relation of this to the important 
term, “limit of magnifying power’’. We have just seen that the 
visual resolving power of a 60-inch telescope with central obstruc- 
tion as specified is 0’’.043. In order that a close double-star, 
(for example), the two component stars of which subtend this 
angle, shall be distinctly recognized as double, the total magnifying 
power must be such that the centres of the diffraction disks of the 
two stars shall subtend to the eye an angle of 240’. This 
magnifying power is 240”/0’.043, or about 5580 diameters, 
which we shall adopt as the visual limit of magnifying power for 
the telescope of 60-inches aperture (with central obstruction as 
specified) for double stars and for fields of stars. This total magni- 
fying power should be used advantageously with this telescope for 
visual measurements of star-positions when atmospheric and instru- 
mental conditions are very fine. For a telescope of this aperture 
without the central obstruction, the corresponding limit of magni- 
fying power is about nine-tenths of 5580 diameters, or about 5025 
diameters. For a 40-inch aperture the latter power is reduced to 
two-thirds of 5025, or about 3350 diameters; and for a 36-inch 
aperture to about 3015 diameters. 

19. Let us note again that the figures given in the two preceding 
paragraphs for resolving power and for limit of magnifying power 
all relate to visual, not photographic, light, and to fields of stars, 
not to objects with extended surfaces such as planets and the 
moon. Let us now consider very briefly the corresponding figures 
for photographic light. 

20. Referring to the latter part of paragraph 17, we find, by 
multiplying the quantity 0.043 by the fraction 435+556, 
that the resolving power of the 60-inch reflector (with central 
obstruction) with photographic light, for double stars and for 
fields of stars, is one-half of 0’’.067, or 0’’.0335. 

21. Similarly, referring to paragraph 18, we deduce that the 
photographic limit of magnifying power of the 60-inch reflector 
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(with central obstruction), for double stars and fields of stars is 
240’’/0’.335, or about 7150 diameters. Comparing this value 
with 5580 diameters, the corresponding visual limit, we have 
our first definite example of one source of superiority of photographic 
over visual methods of observation. 

22. But when viewing or photographing details of objects having 
extended surfaces, such as the planets and the moon, we must 
adopt much lower resolving powers and magnifying powers than 
those given above, because in this case the conditions due to the 
overlapping of the diffraction disks of the many, closely-adjacent, 
bright points of the extended surfaces are much more complicated 
than for two or more isolated points such as stars. (Read again 
paragraph 3). From my many tests with the 40-inch Yerkes 
refractor and with the 60-inch Mt. Wilson reflector on nights of 
nearly perfect atmospheric definition, it is certain that in the case 
of lunar, planetary and similar details, very little is gained by 
using magnifying powers higher than about six-tenths of those 
possible for such objects as double-stars and fields of stars. This 
gives 3350 instead of 5580 diameters as the visual limit of magni- 
fying power for extended surfaces for an aperture of 60 inches, with 
central obstruction as specified; this corresponds to about 55 
diameters of magnifying power for each inch of aperture. The 
corresponding figures for photographic light are 4275 diameters, 
or about 70 diameters for each inch of aperture. 

23. From the data contained in paragraphs 6 to 22 we derive 
the following table for our 5-metre and 6-metre apertures, with 
central obstruction as specified: 

5 metres | 6 metres 


aperture aperture 
Theoretical diameter of visual diffraction disk of a star in 


Theoretical diameter of photographic diffraction disk of a 
Visual resolving power for double-stars, etc............... 0’.013 
Photographic resolving power for double-stars, etc......... 0”.010 0.008 
Visual resolving power for extended surfaces.............. 0’’.022 | 0” .018 
Photograhic resolving power for extended surfaces......... 0.017 | 0.014 
Visual limit of magnifying power for double-stars, etc...... 18,400 22,100 
Photographic limit of magnifying power for double-stars, etc. 23,500 | 28,200 
Visual limit of magnifying power for extended surfaces... .. 11,000 | 13,300 


Photographic limit of magnifying power for extended surfaces 14,100 | 
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24. In the following pages we shall consider some of the means 
by which we shall inevitably attain photographic results much 
more nearly in accord with these theoretical values than have 
hitherto been considered possible. The following analysis will 
assist. 

The quality of the telescopic images (without any relation to 
the photographic plate), is affected by many conditions,—mechani- 
cal, optical, atmospheric and other, among which are the following: 

(a) Type of telescope-mounting; for example, whether it be 
an equatorial, or a fixed, universal telescope, as affecting flexures, 
stability of alignment of the optical mirrors, protection from 
injurious temperature effects, etc. 

(6) Material of the mirrors, for example, whether they be of 
silvered vitreous material or of cast metal alloy. 

(c) Quality of polish of the glass surfaces and of the silver 
surfaces of silvered glass optical mirrors. 

(d) Aperture of the principal mirror; as affecting resolving 
power, surface-intensity of images, etc. 

(e) Size of the central, circular obstruction, as affecting resolving 
power, loss of incident light, etc. 

(f) Ratio of focal length to aperture, as affecting scale of field, 
curvature of field, size of out-of-axis images, surface-intensity of 
images, etc. 

(g) Type of curves of the mirror-surfaces; for example, whether 
they be the old or the new curves, as affecting the size and surface- 
intensity of out-of-axis images. 

(hk) Angular distance of the image from centre of field. 

(t) Accuracy of optical work of the mirror-surfaces. 

(j) Degree of freedom from distortion of the mirror-surfaces 
due to flexures and also to injurious temperature effects. 

(k) Accuracy of alignment or adjustment of the mirrors. 

(1) Degree of stability of position, without constraint, of the 
mirrors in their metal cells. 

(m) Degree of freedom from flexures of the metal cells for the 
mirrors, of the metal supports of these cells, and of the telescope 
tube, as affecting permanence of alignment of the mirrors. 

(n) Degree of freedom from distortions of the metal cells for 
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the mirrors, of their supports, and of the telescope tube, due to 
temperature effects, as affecting permanence of alignment of the 
mirrors. 

(0) Degree of protection of the incident and reflected cylinders 
and cones of light from injurious local effects due to the dome, the 
building, the surrounding ground, etc. 

(p) The very important effects of atmospheric definition (tran- 
quillity and homogeneity), atmospheric transparency, etc., as 
affecting the size and the surface-intensity of the images. 

(q) Degree of proximity to the zenith of all telescopic work, as 
affecting atmospheric definition, transparency, dispersion, etc. 

25. We should note that the quality of the images on the finished 
negative depends upon all of the conditions enumerated in para- 
graph 24, and also upon many additional ones, among which are 
the following: 

(A) Type of telescope-mounting, as affecting the efficiency of 
the observers, the highest refinement of photographic apparatus, 
stability of focal length during long exposures, etc. 

(B) Smoothness and accuracy of rotation of the telescope or 
coelostat, as affecting accuracy of guiding. 

(C) Accuracy of centering and squaring of the double-slide 
plate-carrier with reference to the optical axis of the telescope. 

(D) Degree of lightness of the double-slide plate-carrier, and 
of the ease and smoothness of its motions. 


(E) Convenience and comfort of the observers, as affecting 
their efficiency. 


(F) Skill and speed of the observers in guiding and occulting. 

(G) Size of the field which we attempt to photograph, as 
related to (H) and (J). 

(H) Distances of guiding eyepieces from centre of field, as 
affecting differential atmospheric refraction between the guide- 
stars and the field being photographed. 

(1) Degree of proximity to the zenith at which the photograph 
is made, as affecting differential atmospheric refraction between 


guide-stars and the field being photographed, and also between 
different parts of the field. 
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(J) Magnifying power of the guiding eyepieces, as affecting 
accuracy of guiding. 

(K) Degree of protection of the telescope from tremors due to 
wind; this applies even to the foundation of piers, of the building, 
etc. 

(L) Frequency and accuracy of focusing and refocusing during 
long exposures. ; 

(M) Frequency and accuracy of correction for slight rotation 
of field during long exposures. 

(N) Accuracy of the curvature of the sensitive surfaces of the 
photographic plates, to coincide with the slight curvature of field. 

(O) Sensitiveness of the photographic emulsion, as affecting 
faintness of stars, nebulosities, spectra, etc., photographed. 

(P) Fineness of granulation of the photographic emulsion, as 
affecting photographic resolution, 7.e., fineness of details of extended 
surfaces recorded on the finished negative, symmetry of form of 
star-images on the finished negative for purposes of measure- 
ment, etc. 

(Q) Thinness of the film of photographic emulsion, as affecting 
photographic resolution, diffusion of the image in the sensitive 
film, cone-effect, etc. 

(R) Experience and skill of the observers, or of the photo- 
graphic specialist, in methods of developing astronomical negatives. 

(S) Use of the multiple-lens pellicule to increase the effective 
sensitiveness of all photographic emulsions.® 

26. Let us now consider a modern observatory and the new 
astronomical photography; following, in a general way, the synopsis 
given in the two preceding paragraphs. This observatory will have 
two principal telescopes, as follows: 

27. First, a compact Ritchey-Chrétien equatorial of 6 metres 
(19.7 feet) aperture, with its separate building and dome of 38 
metres (125 feet) interior diameter. This equatorial will embody, 
in one mounting, two complete Ritchey-Chrétien mirror com- 
binations, one of 41.7 =6.8 focal ratio, or 40.8 metres (133.8 feet) 
focal length; the other of 5X2.4=12 focal ratio, or 72 metres 
(236 feet) focal length. The two combinations can be completely 
5H. Chrétien, Comptes Rendus, Tome 186, 1928, p. 139. 
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interchanged in 12 minutes. Each of these combinations has two 
nearly perpendicular reflections, with a resulting loss of photo- 
graphic light (wave-length 0.435 micron), from the two, of 17 per 
cent. of the total incident light not obstructed by the small, convex 
mirror. 

28. Second, a fixed, vertical, universal telescope with the coelo- 
stat mirror and the second large plate mirror each 6 metres (19.7 
feet) in diameter; and embodying two Schwarzschild and seven 
Ritchey-Chrétien complete telescopes, each of five metres (16.4 
feet) aperture. 

29. The two Schwarzschild telescopes embodied in this fixed, 
universal telescope will have focal ratios of 2.75 and 4.00 to 1, 
respectively, and will be of the best Schwarzschild form, which gives 
telescopic star-images which are practically diffraction disks over 
the entire (convex) field, two and one-half degrees or more in 
diameter. 

30. The seven Ritchey-Chrétien telescopes embodied in this 
fixed, universal telescope will have focal ratios as follows: one of 
4X1.7=6.8 to 1; one of 6X1.75=10.5 to 1; one of 8X2.0=16.0 
to 1, but having also a second convex mirror magnifying 3.375 
times, thus giving an approximate Ritchey-Chrétien combination 
of 8X3.375 =27 to 1; and one of 85.0 =40 to 1, but having, also, 
a second and a third convex mirror, magnifying 7.5 and 11.25 times, 
respectively, thus giving two approximate Ritchey-Chrétien com- 
binations of 8X7.5=60 to 1 and 8X11.25=90 to 1, respectively. 

31. These combinations give, respectively, in the one universal 
telescope, focal lengths of 13.75 metres (45.1 feet), and 20 metres 
(65.6 feet), due to the two Schwarzschild combinations; and of 
34 metres (111.5 feet); 52.5 metres (172.2 feet); 80 metres (262.4 
feet), 135 metres (442.8 feet), 200 metres (656.2 feet), 300 metres 
(984.3 feet) and 450 metres (1476.4 feet), due to the seven Ritchey- 
Chrétien combinations. 

32. A complete interchange from any one of these combinations 
and its accessories to any other combination, in complete adjust- 
ment and alignment, ready for instant use, can be made in four 
minutes, in order to take complete advantage of changing con- 
ditions of atmospheric definition, moonlight, etc., as they occur. 
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33. The following important points in regard to this universal 
telescope should be noted. First, all combinations of mirrors are 
used directly for astronomical photography without the use of 
enlarging-lenses. Thus the very high photographic efficiency of 
silvered vitreous mirrors is retained. In each of the Ritchey- 
Chrétien combinations there are four reflections only, all from 
silvered vitreous surfaces; namely, two oblique reflections from 
the two large plane mirrors in the dome, and two nearly perpen- 
dicular reflections from the two telescope mirrors. As stated in 
the preceding article of this series, the aggregate loss of photo- 
graphic light due to these four reflections, when both the optical 
polish of the vitreous surfaces and the polish of the silver films 
are of the highest quality, is almost exactly thirty per cent. of the 
incident light not obstructed by the small convex mirror. In each 
of the Schwarzschild combinations, also, there are four reflections 
only, from silvered, vitreous surfaces, and one reflection from the 
front, convex surface (polished and unsilvered), of the thin, concavo- 
convex photographic plate; in addition, there is a slight loss of 
light by absorption, due to the light passing through this thin glass 
plate, which is coated with sensitive emulsion on its concave, back, 
surface. 

34. A second important point which should be noted is that in 
the fixed, universal telescope the great focal lengths named are 
secured by combinations of two mirrors (large concave and small 
convex), without the necessity of actual great length of the telescope 
itself. Thus, for the focal length of 200 metres (656.2 feet) the 
actual distance between the two mirrors is 31.5 metres (103.3 feet); 
and for the focal length of 450 metres (1476.4 feet) the actual 
distance between the two mirrors is 36 metres (118 feet). 

35. In the preceding articles of this series most of the items 
(a), (b), (c), etc., of paragraph 24 have already been discussed. 
In the November article, in particular, I have discussed the items 
relating to the mirrors: their material, the character or quality of 
their reflecting surfaces, their optical curves, their support by 
mechanical flotation to prevent flexures, their ventilated, cellular 
construction and the use of selected plates of low-expansion glass, 
to prevent distortions due to temperature changes. The items 


*Reference to my third article, October 1928, p. 322. 
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relating to resolving power have been briefly discussed in the present 
article. 

36. Turning now to the telescope mountings, we note that in 
the compact Ritchey-Chrétien equatorial type the flexures of the 
mounting are much decreased on account of the lightness of the 
mirrors and the tube; that flexures of the short skeleton tube are 
decreased practically to zero by the use of four or eight counter- 
poise levers; and that the flexures of the massive fork which carries 
the tube are also greatly decreased by means of two counterpoise 
levers. Injurious temperature effects upon the mirrors, mounting 
and tube are also very greatly decreased by the use of the pro- 
tecting constant-temperature chamber with small refrigerator, 
during the day, and by the insulation of the short skeleton tube 
with cork.’ 

37. In the fixed, universal type, flexures of the telescope mount- 
ing are reduced practically to zero, due to the fixed position of all 
parts of the telescope except the coelostat. As noted in the first 
article of this series, the weight of the coelostat mirror, of its cell 
and of the polar axis are supported from beneath by mercury 
flotation, thus greatly decreasing all flexures of the coelostat. Both 
the coelostat and the second plane mirror and its mounting are 
protected in constant-temperature chambers during the day. The 
fixed, vertical skeleton tube is protected by very thick layers of 
cork. In the plans for both the Ritchey-Chrétien equatorial and 
the fixed, universal telescopes every useful device invented and 
demonstrated during forty years experience in optical work and 
with great telescopes is utilized to protect the mirrors and mount- 
ings from flexures and from injurious effects of temperature changes. 

38. In both the equatorial and the fixed, universal telescopes 
the incident light from the sky is received at a great height above 
the ground,—an important condition. The strong structural-steel 
building which supports the dome is cylindrical in form, and has 
double walls of sheet-steel, so far separated from each other as to 
permit thorough ventilation between the two. The outer steel wall 
is very light, and serves as a sun-protection for the building. The 


7Reference to third article of this series, this JouRNAL, October 1928, p. 304. 
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construction of the dome is similar to that of the building, having 
double sheet-steel walls, with thorough ventilation between. No 
masonry construction whatever is permitted in the exterior parts 
of the building. All surfaces except the inner surface of the dome 
are painted white. The light metal walls of the building and 
dome respond quickly to the falling temperature after sunset, so 
that when observing begins after darkness, there are no currents of 
warm air rising from the outer surfaces of the building and dome, 
to disturb, locally, the homogeneous air so necessary for good 
“‘seeing’’. If there still remains, after darkness, a tendency for the 
air in the dome to be slightly warmer than that outside, this con- 
dition must be corrected, for the finest local conditions of seeing, 
by causing a gentle inflow of air through the slit or opening of the 
dome, by means of an exhaust fan in the floor of the dome. The 
exterior tube-extension described in the third article of this series 
simplifies very greatly the solution of this and many other diffi- 
culties with respect to local conditions which would otherwise 
detract from the utmost attainable refinements of “‘seeing’’ for 
celestial photography. 

39. One of the absolutely vital problems of forward-looking 
astronomers is the search for better sites for great telescopes. I 
have made this a part of the programme of my laboratory for 
24 years,—a part as important as the improvement of photographic 
telescopes, of accessories, and of photographic emulsions. This 
has been done both by correspondence and by personal investi- 
gation. Kind and experienced friends have given expert assistance, 
—one of them with a superb 16-inch, portable, Cassegrainian 
reflector of 40 feet focal length. I have corresponded in regard to 
many sites in tropical and semi-tropical regions, and have person- 
ally investigated many sites in the very high, semi-desert regions 
of the south-western part of the United States. Every vacation 
in more than two decades has been spent in this search. I have 
found two superlatively fine sites, both well accessible by railroad, 
both at altitudes of about 7500 feet above sea-level, at which the 
conditions of atmospheric definition and transparency are at least 
as much superior to those at Mt. Wilson as the latter are superior 
to the average conditions at the important observatories of northern 
Europe and the north-eastern part of the United States. 
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40. This has been done with the resources of a small, private 
laboratory, and with the priceless co-operation of loyal and en- 
thusiastic amateurs.- What could be done,—what could not be 
done, if a very small part of the resources of great, rich observatories 
and of great foundations for the advancement of science were 
devoted to this important problem? My two sites, of course, are 
not the best. Our experience shows that we shall inevitably find 
still better sites at lower latitudes, at still higher altitudes, in still 
milder and drier climates. But the sites already found are good 
sites for telescopes with apertures as large as six metres, provided 
that, in general, these telescopes are used not farther than fifteen 
to twenty degrees from the zenith; with this condition it is certain 
that very frequently, and during entire nights in spring, summer 
and autumn, the full theoretical magnifying power permitted by 
this aperture will be used to advantage. The overwhelming im- 
pressiveness,—the incredible tranquillity, homogeneity and trans- 
parency of the night sky, as seen at these very high, semi-desert 
sites, are beyond all description and imagination. 


41. In view of the greater apertures made possible by the 
cellular construction of mirrors, and in view of the great refine- 
ments, both of construction and of operation, of telescopes of very 
large aperture,—refinements which are made possible by the fixed, 
universal type of telescope, we may be sure that competent experts 
will search diligently for observatory sites at which these apertures 
and these refinements can be utilized to the utmost limit of their 
possibilities. We shall search again and again the promising 
regions of the earth, with the aid of special, demountable, easily- 
transported telescopes of great power,—their mirrors cellular and 
light; their mountings of the compact Ritchey-Chrétien equatorial 
type, and constructed largely of duralumin. We should note that 
an equipment so light, compact, powerful and convenient for this 
purpose has never been available or possible before. So promising 
and so important for the advancement of knowledge is this in- 
vestigation that it will be pressed with all of the intensity with 
which men strive for gold, for immortal fame, and for the realization 
of their highest ideals. 
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The Images on the Finished Negative 


42. We come now to the means of improving the images on the 
finished negative. (See paragraph 25). 

43. The smoothness and accuracy of rotation of the 6-metre 
equatorial, and of the 6-metre coelostat of the universal telescope, 
are secured as follows: 

44. First, the entire weight of the polar axis and all that it 
carries, in each of these instruments, is floated in mercury. Ex- 
perience shows that mechanical antifriction devices such as hard- 
ened steel rollers and balls, however carefully designed and con- 
structed, and however efficient in their action when new, deteriorate 
in use when subjected to the great weight of the rotating parts of 
large, modern telescopes. But the antifriction conditions secured 
by flotation in a fluid, such as mercury, do not deteriorate; these 
antifriction conditions can be secured without great expense, and 
they are permanent. 

45. Second, the alignment of the polar axis of each of these 
instruments is determined, during actual use of each instrument, 
by hardened steel pivots and their bearings, which are as small, 
smooth and accurately ground and polished as those of the most 
perfect meridian-circle instruments. 

46. Third, all gear-reductions between the driving-motor and 
the polar axis are made by means of worm-gears and worms (tan- 
gent-screws), which are fine-ground and polished practically to 
optical accuracy and smoothness. 

47. Fourth, the end-thrust bearings are made and adjusted 
with the same degree of accuracy. 

48. Fifth, the speed of rotation of the driving-motor is electri- 
cally controlled by a good sidereal clock. 

49. With these refinements, properly made and properly cared 
for, the rotation of the polar axis is as smooth and accurate, for all 
practical purposes, as the rotation of the earth on its axis. This 
is readily seen when the full theoretical magnifying power of the 
telescope is used in guiding. 

50. But the above refinements, important as they are, do not 
take account of minute changes of position of the images due to 
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atmospheric causes. Correction for these small movements must 
be made, at present, by the observers, by the use of the new, 
horizontal, electrically-controlled guiding mechanism, including 
the occulting shutter. This is so rapid, sensitive and accurate in 
its operation that even the minute atmospheric tremors and the 
intermittent blurring of very highly magnified images are success- 
fully corrected for by its use. This guiding mechanism, and its 
important accessory, the practice-machine, have already been 
described in this series of papers." 

51. Whether guiding and occulting can ever be done successfully 
by purely automatic, mechanical-electrical means, as by the use 
of the photo-electric cell, is a question which I shall not now attempt 
to answer. 

52. The photographic plates used will have their glass surfaces 
ground and polished to the slight curvature of the field of best 
telescopic images. These surfaces are economically ground and 
polished in multiple, 50 or 100 together, and are correct in form 
to 0.0001 inch. The importance of this, and of equally accurate 
focusing and refocusing during long exposures, has already been 
discussed in the second article of this series, in which a table is 
given which shows definitely the loss of sharpness and of light- 
intensity of the images, due to slight errors of focus.* 

53. A still more accurate, convenient and rapid method than 
the knife-edge method has been developed for focusing, and for 
refocusing very frequently during long exposures,—a method 
which is accurate to within 0.0001 inch along the axis. This 
combination of photographic plates with accurate surfaces, and of 
focusing with ten-fold greater frequency and accuracy,—this com- 
bination alone would revolutionize celestial photography. 

54. In the best method now known for guiding during long 
exposures, it is necessary to find two guide-stars just outside of 
the field being photographed,—guide-stars having, as nearly as 
possible, the desired positions and brightness. Although the two 
guiding microscopes are adjustable in position for moderate dis- 
tances, it frequently happens that the best guide-stars available 

*Reference to the fourth article of this series, November 1928, p. 359. 

°This JouRNAL, July-August, 1928, pages 228 and 229. 
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are not in the best position, and are too faint to be used without 
great strain and effort of the eyes. Obviously this condition 
injures the quality of the guiding and of the resulting photograph. 

55. But with our modern telescopes we shall have a large 
number of double-slide plate-carriers of progressive sizes. The 
primary purpose of these is that we may always be able to use the 
smallest field which is practicable for a given celestial object to 
be photographed. This is very important in order that the dis- 
tance from the centre of the field to the guide-stars shall be as small 
as possible, so that the slight but injurious effects of differential 
(atmospheric) refraction between the guide-stars and the centre 
of the field (which refraction necessarily changes slightly during 
long exposure of the photographic plate), shall be decreased to the 
lowest limit possible. 

56. We note that we now have two additional means for making 
available the best guide-stars: first, a large number of double-slide 
plate-carriers of progressive sizes, and second, the interchangeable 
mirror-combinations of the universal telescope itself, since each of 
these combinations gives a different scale of field: 

57. Correction for slight rotation of field is made frequently by 
means of the two guide-stars (which are outside of, and on opposite 
sides of, the field being photographed), and the two guiding micro- 
scopes. The necessity for this correction is due to the slight, 
progressive change of atmospheric refraction during long exposures. 

58. The highest magnifying power of both guiding-microscopes 
permitted by the resolving power of the telescope is always used for 
guiding. 

59. The fields chosen to be photographed will be, in general, 
those as near as possible to the zenith. Other observatories, in 
other latitudes, with similar instruments under the same manage- 
ment, will photograph fields in other declinations,—in all cases 
fields near their zenith. Atmospheric definition with great aper- 
tures is invariably better near the zenith. The effects of differential 
refraction between the guide-stars and the field being photographed, 
and also between different parts of the same field,—effects which 
are injurious to the highest attainable accuracy of the resulting 
photographs, are all decreased by working near the zenith. The 
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great altitudes (7500 feet and greater), the rare air, the dry, semi- 
desert conditions and the resulting extreme transparency, at the 
best observatory sites which I have found, will all contribute 
greatly to the further improvement of the conditions described in 
this and in the preceding paragraphs. 

60. It is evident that all of the actual work of making celestial 
photographs with these great, refined photographic telescopes must 
be done by special, highly-trained technicians, whom I shall call 
observers. It has been asserted by a supposed authority that 
astronomers would be offended by, and would object to, such an 
arrangement. But they will quickly withdraw their objections 
when they see and measure the resulting photographs! Astrono- 
mers do not usually insist upon personally making the optical 
mirrors and objectives which they use. Owners and passengers of 
great trans-atlantic liners do not usually insist upon personally 
navigating them across the Atlantic. 

61. Every detail of the daily care of the telescopes and their 
accessories will be done by skilful mechanicians, who have received 
their training in the construction of the finest details of the tele- 
scopes and their accessory instruments. In general, two observers, 
guiding alternately on the same celestial object, will use one great 
telescope (the equatorial or the universal), during the first half of 
each night; two other observers will do the same with the other 
telescope. Four other trained observers will use the two telescopes 
in a similar way during the second half of each night. Four less- 
experienced assistants, in training to become mechanicians, and 
later observers, will do all heavier work which might detract in the 
least degree from the energy and keenness of the observers. All 
observers keep constantly at the highest point of efficiency in 
guiding by the daily use of the practice-machine with its highest 
speeds."” 

62. Let us consider one pair of observers. Both men are care- 
fully fitted with eye-glasses which give normal vision, so that both 
of them see the guide-stars (or guide-objects) in precisely the same 
place with reference to the fine cross-lines in the two guiding 
microscopes. One man guides and occults intensively, to the 
utmost limit of speed and accuracy, for twelve minutes. He is 
~ ‘WReference to fourth article of this series, November 1928, p. 360. 
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then relieved for twelve minutes by his colleague, during which 
time the first man reclines, relaxed, with eyes closed, conserving 
every second of his rest-time and every ounce of his energy, that 
he may again do his part with consummate skill and efficiency. 
For what purpose is all of this intensive care and effort, like that 
of the musical virtuoso? It is to secure the most perfect attainable 
photographs; it is to register the smallest attainable details, the 
faintest attainable stars;—all of these to make possible the highest 
attainable accuracy of fundamental astronomical measurements. 
Is it worth while or is it not, to secure the utmost possible results, 
both in quality and in quantity, from these great, superb instru- 
ments? Or is it more dignified, more conventional, more in keeping 
with professional ethics, more safe, not to strive continually for 
better and better results, but instead, to be satisfied with technical 
conditions and methods so crude and inefficient that not one-tenth 
of the real optical power of our great telescopes is utilized? It is 
precisely by the combination of ai/ of the refinements which we 
have considered, and of still others which will be considered, not 
omitting ove of them, that we shall secure celestial photographs 
of a quality corresponding to the full theoretical resolving powers 
of our super-telescopes; and that we shall thus increase, froma 
few hundred diameters as at present, to tens of thousands of 
diameters, the magnifying powers with which we study and measure 
the Universe. 

63. In the succeeding article I shall discuss the need of special 
photographic emulsions for celestial photography, and the use of 
these emulsions with the successive focal lengths of the fixed 
universal telescope. 


Description of the Plates 


64. Plate V is from a photograph of the southern part of the 
great filamentous nebula N.G.C. 6960 Cygni, taken by the author 
with the 60-inch Mt. Wilson reflector, July 12, 13, 14, 1915, with 
a total exposure of 12 hours. All refinements of celestial photo- 
graphy which I had developed up to that time were utilized; these 
include: flotation of the moving parts of the telescope in mercury; 
the use of fine-ground and polished worm-gears and worms ex- 
clusively, for transmitting the rotation of the driving-clock to 
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the polar axis; the use of the new double-slide plate-carrier with 
small field (38 minutes of arc square), which plate-carrier permits 
accurate refocusing and correction for slight rotation of field to be 
done as frequently as desired during long exposures. The aperture 
of the telescope was reduced to 50 inches for two reasons: first, to 
cover the edge-zone of the mirror, which is usually a little too high 
or too low, due to temperature effects; second, in order to decrease 
the size of the out-of-axis images. 

65. The photographic plate used was a commercial Seed 23 
plate. This plate is not so extremely sensitive as the most rapid 
commercial plates, but its granulation is comparatively fine, per- 
mitting a magnification of the negative of about ten diameters 
without the granulation becoming objectionable. Since the focal 
length of the 60-inch reflector is 300 inches, the scale of the original 
negative is such that when the negative is viewed with an eye-piece 
magnifying ten diameters, the total magnification is 300 diameters. 

66. The bright star at the lower edge of this plate is approxi- 
mately sixth magnitude; the faintest stars shown near the centre 
of the plate are approximately 21.0 magnitude; the range of 
brightness of stars shown in this photograph is therefore fifteen 
magnitudes, or one million times. | We note the very faint, delicate 
filaments to the left of the main body of the nebula. We also note 
the most remarkable hyperbolic curvature of the bright, left-hand 
edge of the nebula; a form extending over a stupendous distance, 
apparently in the heart of the Milky Way; a form due to forces 
which are at present unknown. 

67. Exquisitely small and delicate as are the details of filamen- 
tous structure shown in the original negative from which this 
illustration was made, we shall photograph nebular details which 
are at least forty-five times smaller,—finer, as soon as the special 
Benecke photographic emulsions and the 5-metre fixed universal 
telescope become available. 

68. Plate VI is from a negative of the annular nebula Messier 
57 Lyrae, taken by the author with the 60-inch Mt. Wilson re- 
flector, July 1, 1910, with an exposure of 45 minutes. Since this 
nebula is very small and bright, and since the details of the ring 
are lacking in contrast, a commercial Seed Process plate was used. 
This plate, although too slow to be used for photographing very 
faint nebulae, has such fine granulation that it permits twenty 
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diameters magnification to be used, without showing objectionable 
granulation. The image of this nebula on the original negative 
is about three millimetres (one-eighth inch) long. The illustration 
represents an enlargement of twenty diameters from the original 
negative; when viewed at the distance of distinct vision (10 inches), 
it corresponds to a total magnification of 600 diameters. 

69. Plate VII is from a negative of the great spiral nebula 
Messier 101 Ursae Majoris taken by the author with the 60-inch 
Mt. Wilson reflector, March 10 and 11, 1910, with an exposure 
of seven and one-half hours. Due to this long exposure and to 
the fine-grained plate used (Seed 23), a vast amount of faint, 
small detail, much of it soft and apparently nebulous, is shown in 
the convolutions. This detail is so varied and so complicated as 
to be beyond all verbal description. Among the most striking 
general characteristics are, first, the strongly marked, and yet very 
irregular, spiral formation, and second, the large number of con- 
densations or aggregations in the spiral branches, each aggregation 
apparently strongly nebulous and composed of numbers of large, 
soft, globular masses like nebulous stars. 

70. If the spiral nebulae shall prove to be far-distant stellar 
systems similar to our Milky Way or Galaxy, it is probable that 
an interval of a thousand years must elapse before unmistakable, 
progressive internal changes could be detected in even the nearest 
of these spirals by means of photographs of the quality of the best 
made up to the present time. If we assume that this estimate is 
approximately correct, then an interval of twenty-five years will 
be sufficient to enable us to detect unmistakable, progressive inter- 
nal changes by means of the better telescopes, photographic 
emulsions, and refinements of methods of celestial photography 
described in this series of papers. 

71. Plate VIII is from a photograph of the great spiral nebula 
Messier 51 Canum Venaticorum, taken by the author with the 
60-inch Mt. Wilson reflector with an exposure of 103¢ hours, April 6, 
7, and 8, 1910. 

72. With this long exposure an amazing richness of structure 
is shown. We note the same general characteristics of structure 
as in Messier 101; especially the large, soft, globular masses, like 
nebulous stars, and aggregations of them, in the spiral branches. 


Paris Observatory, October 26, 1928. 
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HOW MARVELLOUS THE HEAVENS 


How marvellous the heavens, in unrest, 
When singing stars, in playfulness, send showers 
Of meteors, that fill the midnight hours 

With trails of fire—to pelt the heaving breast 

Of Earth's protective vault, in weird contest; 
Flinging afar the fragments from their bowers; 
As happy children scatter petalled flowers, 

They hurl their jewelled points of light, in jest! 


A marvel, that celestial visitant, 
From distant Perseus’ cluster, spaceward bound 
In meteoric train, this earth-grain found; 
Bewildering our eyes, now vigilant 
With wonder. We, of all, so ignorant; 
And yet, self-satisfied we can propound 
The measure of the spaces, that surround 
This dot of dust, and insignificant. 


Yet greater marvel! Proud and arrogant, 
We lack both faith and reason; will not see 
How vast is space; how small a speck are we! 
No world unique! Each star, its habitant! 
There are a million million souls, who chant 
Their praises of those greater joys, that be 
Beyond our ken; their everlasting glee 
Is all unknown to us, injubilant! 


Still, marvel of all marvels! We proclaim: 
“ All space was filled with planets, and their rays, 


To serve this world, and US, with nights and days!"’ 


A billion worlds had died before we came. 
And we, who strive for petty, withering fame, 
One narrow path are threading, through the maze 
Of other worlds, that, too, bask in bright blaze 
Of sunshine! Vain our arrogance, our shame. 


The same, sure Hand, that guides the falling star; 
That sets the farthest planets on their course; 
That gives the very elements their force; 

Directing all the worlds, or near, or far, 

Hath such a tender touch; nor lock, nor bar, 
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38 God Save the King! 


Man-set and fastened, surely, with remorse, 
Can keep Him out, if but the heart endorse 
How marvellous His Love and Kindness are! 
KILBEE GoRDON 
August 12, 1928, 
At Beacon Hill, Victoria, B.C. 


(Composed after observing a display of the Perseids, August 11-12, 1928, and 


read before the Victoria Centre, December 4, 1928.) 


GOD SAVE THE KING! 


“God save the King!'’ We Britons sing, 
And pray—for his recovering! 

From out the Empire's vast array, 

To him our hearts great love convey. 
Lord! hark to our petitioning! 


Lend ear! Our supplications wing 
From loyal hearts and true! Lord! bring 
Him back to health and ease—to-day! 
God! save The King— 
The Empire's Friend! With joy, we cling 
To Britain’s Throne— endeavouring 
The Crown to serve! And, fervent pray, 
Restored to health, our Sovereign may 
Long rule the Land, from which we spring— 
God save The King! 
GOD SAVE THE KING! 
KILBEE GoRDON 
December 4, 1928 
Victoria, B.C. 
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RADIO TALKS ON ASTRONOMY, OVER CFCT, 
VICTORIA, B.C. 


By W. E. HARPER 


XII. New OpservaTorigs. (I) 
(October 10, 1928) 


In glancing through the periodicals that come to our observa- 
tory library and meeting with astronomers who come to visit us 
from all parts of the world, one cannot but be impressed with the 
fact that a great deal of activity is being shown to-day in the build- 
ing of new telescopes. Such construction is not confined to any 
one country in particular, although it must be admitted that our 
cousins to the south of parallel 49, both as to the number of new 
telescopes and to their size, easily head the list. There seems to 
be, throughout the whole world, an increasing interest taken in 
this, the oldest of the sciences, due in large measure, doubtless, 
to the marvellous and far-reaching discoveries of the past decade. 

And not only is this interest felt in University circles and 
Government Bureaus, which are supposed to foster science, but 
even the ordinary man on the street is affected. Among letters 
which come in our observatory mail we occasionally receive some 
from persons who may be termed ‘‘faddists” or “cranks” who wish 
to prove the earth is flat or some other equally silly thing. All 
observatories have this problem to deal with. But this past 
summer it would seem that we have had more enquiries than ever 
before, from people who are genuinely interested in astronomy and 
who wished help along some particular line. It might be a minister 
of the gospel or a teacher of a public or high school asking us to 
recommend some suitable treatise on the subject, or it might be 
one who is striving to make a telescope for his or her own personal 
use and who desired certain information. While we are not bound, 
I suppose, to answer all such enquiries, it has always been the 
policy—and a sound one, I think—to give carefully thought-out 
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replies to all and so encourage the spread of the knowledge of 
astronomy. 

But I shall speak, however, not of these smaller telescopes 
which are being built by amateurs—some quite nearby—but of 
the larger ones to be used by professional astonomers on definite 
lines of work. The summary which I shall give will, for the most 
part, relate to telescopes 12 inches or more in diameter and all 
either in process of building or put into commission during the 
past five years. 

It is fitting that mention should be made, first of China, for at 
the Pekin observatory, which has a continuous history of eight 
centuries, arrangements are under way to thoroughly renew their 
equipment and train students in the new results of astronomical 
science. 

In Italy, near Florence, where Galileo first pointed a telescope 
to the heavens and saw the moons of Jupiter, slightly over three 
hundred years ago, they have erected a tower telescope 80 feet 
high on the very site where his first telescope was used. The 
12 inch mirror at the top of the tower reflects the sun’s rays down- 
ward and forms an image at the ground level. This telescope is 
devoted principally to research work upon the sun, studying the 
changes occurring upon its surface, particularly during sun-spot 
activity. 

In Japan, the Tokyo observatory has ordered a 26-inch refractor 
and expects to put it into commission during the next two years. 

It might be mentioned that a refractor is a telescope with a 
lens at its outer end through which the light from a heavenly body 
passes and is condensed to a point image. A reflector is simply a 
mirror of such a shape that it will bring to a focus the rays of light 
that fall upon it from the celestial object. We state the size of any 
telescope by giving the diameter of its lens or mirror in inches. 

In Johannesburg, South Africa, after many vexatious delays, 
a 261% inch refractor has been put into commission for the study 
of double stars. It was sponsored by British interests but the 
South African republic has a share in it and so the observatory is 
known as the Union Observatory. 


The old established University of Edinburgh has decided it 
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must have a telescope somewhat more in keeping with the age, 
and has ordered a reflector 36 inches in diameter, the mounting 
to be patterned in some measure after our own Victoria one. It 
will be used to study the character of the light coming from the 
stars with the view of estimating, among other things, their tem- 
peratures. 

In Sweden the Royal Academy of Sciences has decided to move 
the observatory from its present location in the city of Stockholm 
to a commanding hill some few miles south of the city. They are 
arranging for several new telescopes, chief of which are a 39 inch 
reflecting telescope, a 20 inch photographic refractor and another 
one of 12 inches diameter. Half the cost is being borne by means 
of a gift from the former Secretary of State for Foreign Affairs, 
Wallenberg, who has given a million Swedish crowns for that 
purpose. 

Spain seems to have awakened to a sense of her need for such 
research, and while the 16-inch refracting telescope recently secured 
from Grubb, the English maker of telescopes, is smaller than many 
of the other new ones, it is, nevertheless, a beginning in the right 
direction. 

As to Russia, there is a general feeling among us that the 
Soviet Government is unsympathetic to higher education. Four 
years ago while attending the Toronto meeting of the British 
Association for the Advancement of Science, I was agreeably sur- 
prised to learn of the presence of about a dozen scientists from 
Russia whom report credited as having their expenses borne by 
the Soviet Government. Be that as it may, the large reflecting 
telescope which had been ordered by the Imperial Government, 
under the Czar’s régime, was accepted by the Soviet administra- 
tion. This reflecting telescope, slightly over 40 inches in diameter, 
is for the Simeis observatory about forty miles east of Sebastopol 
on the Crimean peninsula. It was put into commission in 1926 
and is devoted to the determination of the radial velocities of 
stars, much as our own 72-inch is used. 

The Soviet Government has also gone ahead with the large 
refracting telescope which had been commenced before the war. 
The largest hitherto of this type, where the lens is at the outer 
end, had been the 40-inch one at the Yerkes Observatory, near 
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Chicago. The glass discs for the Russian instrument were success- 
fully cast by the Parsons Optical Co., of England, and are 41 
inches in diameter. When the telescope is completed Russia will 
have the honour of having the largest refractor in the world; 

I shall conclude by telling you of three quite large telescopes 
established in South Africa by American observatories to serve a 
great need. Apart from the observatory at Cape Town, nominally 
under the direction of the British Admiralty, and stations estab- 
lished in Chile and Peru by the Lick and Harvard College observa- 
tories, there was little or no astronomical work done in the southern 
hemisphere. When it came to statistical studies of the whole 
universe of stars, we could draw no reliable conclusions when a 
large section of the sky had never been investigated. These three 
institutions are seeking to supply the need of just such observa- 
tions. 

The Detroit observatory has equipped a 27-inch refracting 
telescope at Bloemfontein for double-star work; the Harvard 
College observatory are arranging for a 60-inch reflector at the 
same place and, as the seeing conditions are much better there 
than in Peru, they have dismantled that station and are sending 
all the instruments to Bloemfontein. The Yale observatory has 
also established an observatory near Johannesburg with a 26-inch 
refractor for photographing the stars. Much material has already 
been accumulated by the two that are in operation, and the next 
ten years should find the southern stars as well studied as are the 
northern ones to-day. 

Mention might be made of the hopes entertained by the people 
of the Argentine Republic that their country too will soon have a 
large reflector, one of 60 inches being contemplated. It is not yet 
an accomplished fact. 

In my next talk I shall speak of several new observatories 
established by Universities in the United States and refer possibly 
to large endowments for their upkeep. 
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REVIEW OF PUBLICATIONS 


Astronomy and Cosmogony, by J. H. Jeans. 400 pp.+x, 434in. x 
7%in. Cambridge University Press; Toronto, The Macmillan 
Co. of Canada, 1928. Price 31s. 6d. 

This book aims to outline our knowledge of the physical con- 
dition of the stars and the manner of their evolution. To a large 
extent the treatment of the subject is original with the author, 
and the reader will have a great respect for the author’s command 
of mathematical physics and astronomy before he finishes the 
four hundred pages. It is supposed to include only sufficient 
mathematics to make it consistent with clearness and exactness. 
Most of us will find it hard reading,—perhaps I should say, delight- 
fully hard reading. A book that is too easy to read leaves the 
reader very little wiser. When we analyse the difficulties, however, 
we find they are often not in the mathematics, which is not par- 
ticularly advanced or complicated, but rather in the physical 
concepts upon which so much is based. All through the book the 
author is at great pains to try and make these clear and the reader, 
even without following the mathematical analysis, can arrive at a 
clear idea of the stand the author takes on the origin and evolution 
of the stars. It is inevitable in a work of this kind that a certain 
amount of it must be speculative. If the treatise contained only 
what was well established it would be nothing but a text-book, 
and it is much more than that. In almost every chapter ideas are 
presented more or less revolutionary. 

It has been very interesting to compare the author’s treatment 
of many phases of the subject with a treatment of almost the 
same field by Professor Eddington in his book, ‘The Internal 
Constitution of the Stars’, and to trace from the starting points 
the cause of the divergence. The main points of controversy seem 
to be the opacity of stellar material, the source of generation of 
energy and the question, whether Boyle’s Law is or is not obeyed 
by matter under stellar conditions. 

Eddington, while not starting directly from the assumption 
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that Boyle’s Law holds within the stars, is led to that conclusion 
save for the white dwarfs, but he starts from the assumption that 
the product of the coefficient of capacity and the rate of generation 
of energy throughout the star is substantially constant, and he 
is led to a mass-luminosity relation which fits the observed facts 
very well. Jeans on the other hand rejects this assumption and 
looks upon the mass-luminosity relation as an approximation only. 
In fact, he attempts to show that an empirical relation between 
M and h, i.e., h=const.+const. log M, satisfies the observations 
almost as well as Eddington’s much more complicated formula. 
However, in contrasting the merits of these two representations 
one has to bear in mind that the linear relation has two constants 
at its disposal and must necessarily fit the curve at two points, 
while Eddington’s has only one. Moreover, when one examines 
the data Eddington has collected for the relation of mass and 
luminosity, the certainty of a departure from a linear relation is 
almost obvious. 

Jeans rejects the assumption that Boyle’s Law necessarily 
holds, and does not assume the product of the coefficient of capacity 
and the generation of energy to be constant, but he starts from the 
laboratory values of the opacity coefficient, extended theoretically 
to meet stellar conditions, where the ratio of ionized atoms to 
neutral atoms is much larger than in the laboratory. 

He is led to the conclusion that Boyle’s Law does not hold, at 
least at the centres of the stars, and also that elements exist there 
whose atomic numbers are higher than that of uranium. 

The book itself, like others issued by the Cambridge University 
Press, is a model of clearness in respect to type, freedom from errors 
and the artistic arrangement of mathematical formula often very 
complicated and difficult to set in type. The notation is very clear 
and the author is at great pains in all cases to specify carefully the 
units and numerical values for the constants in the equations. 
We think it is a mistake to use heavy and light fonts to distinguish 
mathematical concepts. The text is clear enough, but when one 
attempts to reproduce the results on paper or expound them to a 
class the difficulty of distinguishing symbols in this way is too 
great and the forced adoption of other symbols is liable to lead to 
confusion. A book of 400 pages containing so much valuable 
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information, divided into thirteen chapters, should not be without 
an index. These are minor points only. 

The whole book is a masterly treatment and its merits are far 
beyond the ability of the reviewer to criticize, but in reading both 
this book and ‘The Internal Constitution of the Stars”’ the subject 
is left in a somewhat unsatisfactory state. Before we can regard 
the problem of the internal constitution of the stars as satisfactorily 
solved the divergent views in these two books must be harmonized 
and one feels that this should be possible. The general equations 
of equilibrium are known. Both writers agree that the stars 
radiate energy as fast, and only as fast, as it is generated and that 
radiation pressure plays a large part in the building of the star. 
Difficulties are encountered in the law describing the absorption 
of this radiation as it leaves the centre of the star and the viscosity 
of stellar material. When the difficulties relating to these have 
been removed the problem should be capable of an exact solution. 


Our Wonderful Universe, by C. A. Chant. 191 pages, 5X8 in. 
139 illustrations. London, Harrap; Toronto; Ryerson Press; 
Yonkers-on-Hudson, N.Y., World Book Co. Price $1.50. 1928. 

This unique book is a delightful introduction to the study of the 
sky, and will be warmly welcomed by teachers in the primary and 
secondary schools. The author has admirably succeeded in pre- 
senting a clear and vivid picture of our marvellous universe. The 
attention of the reader is held throughout, his wonder is excited, 
and his imagination is quickened as the fascinating story of the 
heavens is unfolded. 

No previous knowledge of the subject is required. The approach 
is made from the observational side. Through informal discussion 
the pupil is led to understand the real meaning of the observed 
motions of the sun, moon and the stars, to realize how easily and 
frequently we are deceived by appearances, and to see why we 
believe that the earth rotates on its axis and revolves in a great 
orbit about the sun. 

The book is divided into three parts. In Part I, the fundamental 
ideas of the celestial sphere, the diurnal and annual motions of the 
sun and constellations are simply and logically developed. The 
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experiments described, and frequent questions asked, demand a 
certain concentration which is most valuable to the student. This 
section closes with a survey of the universe from an advantage 
point some thousand million miles above the solar system. 

Part II, is devoted to the study of the individual members of 
the system. Following a general discussion of the orbits, sizes, 
masses, etc., of the planets, each member in turn is fully described. 
Without burdening the mind with numbers, many illustrations are 
given which greatly help the reader to comprehend the enormous 
scale involved. Historical remarks are frequently introduced, 
but not enlarged upon, and a few references are made to modern 
astronomers. The recent work on the photography of the planets, 
particularly Mars, is given due prominence. 

Part III deals with the Stars and the Nebulae. In this section 
the student is introduced to the constellations. Beside each chart 
showing the stars as they appear to the eye, is a key-map giving 
the names of the star-groups and many of the brighte- stars. 
The text contains much interesting information regarding the 
brightnesses, distances and characteristics of the well-known stars. 
The closing chapters contain excellent photographs and descrip- 
tions of the star clusters, star clouds, diffuse galactic nebulae and 
the spiral nebulae. 

The book is abundantly illustrated, and this, apart from its 
style, is its most noticeable feature. Nearly every page has some 
striking drawing or photograph. We note that the text contains 
no less than three score drawings and figures, 18 photographs, 17 
star-maps and more than 50 splendid reproductions of astronomical 
photographs, chiefly by Barnard, Slipher, Wright, Duncan, Ritchey 
and many other astronomers. The frontispiece is Ritchey’s photo- 
graph of the Globular Cluster in Hercules. 

Clear and lucid in its exposition, accurate in its detail, enhanced 
by its original artistic drawings and carefully-selected photographs, 
this attractive book will win immediate and widespread recognition. 

J. A. PEARCE 
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NEWS AND COMMENTS 


Mr. William H. Christie resigned from the staff of the Dom- 
inion Observatory at the end of December to take an appointment 
at the Mount Wilson Observatory. Best wishes for his success go 
with him. 

The American Astronomical Society has accepted the invitation 
of the Minister of the Interior and the Director of the Dominion 
Observatory to hold its meeting next summer in Ottawa. Members 
of the staff, recalling the pleasant visit of the Society to Ottawa in 
1911, are looking forward with great pleasure to the coming meeting. 

Mr. R. G. Madill of the magnetic division of the Dominion 
Observatory, returned the middle of November from his summer’s 
trip on the Montcalm, made possible through the courtesy of the 
Department of Marine. Magnetic observations were made at Port 
Burwell, Resolution Island (Acadia Cove), Cape Hopes Advance, 
Island in Diana Bay, Wakeham Island and Nottingham Island. 

Mr. A. H. Miller returned on December 24th to the Dominion 
Observatory from his trip to Europe made for investigating gravi- 
tational methods of prospecting; and also for determining the 
gravity relation between Europe (Greenwich and Potsdam) and 
America (Ottawa and Washington),—an investigation of special 
value at the present time in connection with the question of variation 
of gravity with longitude. He reports a successful summer’s work, 
and courtesies and privileges extended on every hand, notably by 
Astronomer Royal Sir Frank Dyson at Greenwich, by Dr. Kohl- 
schitter, Director of the Geodetic Institute at Potsdam, and by Sir 
John Flett, Director of the Geological Survey of Great Britain, by 
whose kindness he was enabled to take a special course of training 
in the use of the Torsion Balance in England and Scotland with 
Dr. McLintock and Dr. Phemister. Field parties were visited in 
Germany and Hungary, observations were taken with certain types 
of gravitational apparatus, and visits made to a number of instru- 
ment makers to inspect the latest types of geophysical instruments,— 
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among others the Baron Roland von Eétvés Institute in Budapest 
was visited, and the classic Eétvoés instruments seen. Through the 
courtesy of Sir Richard Threlfall the gravity balance which bears 
his name was inspected at the National Physics Laboratory ; also, 
at the Cambridge Instrument Co., through the kindness of Sir Gerald 
Lenox Conyngham his new pendulum apparatus was studied. 
REDeL. 


NOTES AND QUERIES 


c ieati are invited, especially from amateurs. The Editor 
will try to secure answers to que 


PHASE OF VENUS SEEN WITH THE NAKED EYE 


The Editor has received the following letter from Mr. Carl 
Reinhardt, of Cobalt, Ont. It is of especial interest in view of the 
approaching maximum brilliancy of Venus in March. At such a 
time its diameter is about 40”, and to detect a crescent-shaped object 
of that diameter against a comparatively bright background must 
surely demand a peculiarly acute eye. The present writer knows 
of no other record of such an observation and invites evidence re- 
garding it. 


Some few years ago, one summer's evening about dusk, I happened to 
glance up through the tree tops and was surprised to see Venus as a beautiful 
little crescent. As I recall the circumstances, it was bright twilight, the sun 
had probably just gone below the horizon, Venus was high up in the sky, but 
must have been close to maximum brilliancy, judging from the size and slimness 
of the crescent. It was very distinct, just as clearly defined as a new moon, no 
difficulty to see it at all. No doubt atmospheric conditions were exceptionally 
good, and the lighting happened to be just right. 

I remember remarking that I did not know that the phases of Venus were 
visible without a glass, and later looked over one or two textbooks without finding 
any reference to the matter, though the story of Galileo’s surprise when he first 
turned his telescope on Venus, and observed its form, was given. Assuming that 
it must be an easily observed phenomenon, I let the matter pass. 

Recently I received a copy of your admirable little book, Our Wonderful 
Universe, and note, on page 90, that “with the naked eye one cannot at any 
time make out the shape of the disc.” Apparently, therefore, my observation 
was unusual, probably just a chance combination of circumstances, and it would 
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be interesting to have it confirmed by younger eyes than mine are now, and 
something to excite the interest of the amateur in astronomy. 


Have I not read somewhere that there is some evidence going to show that 
the fact that Venus exhibited phases was not unknown to the ancient Egyptian 
or Chaldean astronomers? 


IN HONOUR OF PROFESSOR H. F. NEWALL 


The retirement of Professor Newall from the chair of Astro- 
physics in the University of Cambridge is being chosen as an 
opportunity to secure a bust or a portrait of this highly esteemed 
gentleman. 

In 1889 Mr. R. S. Newall presented to the University his 25- 
inch refractor, then the largest in England, and as the authorities 
had not the funds to meet the annual expense required in its use, 
Mr. H. F. Newall agreed to give his services gratuitously for five 
years, which made it possible for the University to accept the gift. 
The five years of this generous arrangement have been extended to 
almost forty, and under Professor Newall’s guidance the department 
of Astrophysics at Cambridge has become one of the outstanding 
branches of the University. Sir J. J. Thomson at Cambridge and 
Sir Frank Dyson at the Royal Observatory at Greenwich are 
treasurers of the fund. 


HEAT FROM THE STARS AND PLANETS 


Qn November 27, 1928, Dr. Seth B. Nicholson announced some 
interesting results which he has obtained at the Mount Wilson 
Observatory. Using a delicate thermocouple he has measured the 
radiation from some stars and planets. He finds that more heat 
reaches the surface of the earth from Betelgeuse than from any 
other star; but if the absorption of our atmosphere is allowed for, 
the blue star Sirius sends to the earth more heat than any other star. 

As to the planets, Mercury is very hot, the maximum tempera- 
ture being about 1300° F. The planet has little if any atmosphere. 
Venus is covered with clouds and it is impossible to measure the 
actual surface temperature. The temperature on that side of Venus 
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turned from the sun (night time on the planet) is about -9° F. The 
temperature of Mars varies with the season and the time of its day, 
but it resembles that of the earth at very high elevations where the 
atmosphere is rare. As to Jupiter, instead of being very warm as 
it was formerly suppose to be, the temperature is about -216° F. 


APPRECIATION OF RITCHEY’S ARTICLES 


From a friend at Poughkeepsie, N.Y., comes a letter of appre- 
ciation of the articles by Professor Ritchey on the construction of 
great telescopes. The writer feels a special interest in these articles 
as he has just completed an 8-inch reflector for himself. He remarks 
further that the second edition of “Amateur Telescope Making”, 
published by the Scientific American is a mine of information and 
that no one who is really serious about the matter need be afraid of 
tackling a 6-inch mirror with the information it contains. Enclosed 
in the letter is a printed sheet giving a price list of materials and 
parts required by the amateur telescope maker. This may be ob- 
tained from John M. Pierce, 11 Harvard St., Springfield, Vermont. 


ASTRONOMY BY RADIO 


Professor O. L. Dustheimer, of Baldwin-Wallace College, 
Berea, Ohio, is giving a series of addresses over WTAM, Cleveland, 
Ohio, on alternate Tuesdays at 10.30 pm. E.S.T. The subjects 
are: Jan. 15, The Meaning of Time; Jan. 29, The Zeiss Planetarium ; 
Feb. 12, Forecasting the Weather ; Feb. 26, Jupiter, the Giant Planet ; 
March 12, Variable Stars; Mar. 26, Star Names; April 9, Twin 
Stars; April 23, The Astronomer. j As. 
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MEETINGS OF THE SOCIETY 


AT WINNIPEG 

The first meeting of the winter session was held in the University Arts 
Building on Wednesday, October 24th, 1928, at 8.15 p.m. In the absence of the 
President, Mrs. E. L. Taylor, the chair was taken by Dr. L. A. H. Warren, the 
Vice-President. 

The address of the evening was given by Dr. Neil John MacLean, whose 
subject was “‘The Royal Observatory at Greenwich.”” Dr. MacLean said he 
had visited Greenwich during the spring and had the pleasure of meeting the 
Astronomer Royal, Sir Frank Dyson, who had personally shown him through 
the building, pointing out the various types of telescope and explaining their 
operations. The speaker dealt with the history of the Observatory, gave an 
outline of its regular work and a description of its instrumental equipment. 

At the conclusion of the lecture the members expressed their appreciation 
and a short discussion followed, in which several took part. 

Arrangements had kindly been made by Mr. A. W. Megget for observations 
of the heavens. Unfortunately, however, atmospheric conditions were not 
suitable. 

A social half hour, during which refreshments were served by the ladies of 
the Society, with Mrs. N. J. MacLean and Mrs. L. J. Reycraft presiding at the 
tea table, brought a pleasant evening to a conclusion. 

S. C. Norris, 
Secretary. 


AT MONTREAL 


The annual meeting was held in the Macdonald Physics Laboratory, McGill 
University, at 8.15 p.m. on October 25th, 1928. 

The Vice-President, Mr. H. E. S. Asbury, was in the chair. The Report of 
the Secretary was read. The Treasurer’s,Report will be presented at a subsequent 
meeting owing to the absence of the Treasurer. 

The election of officers for the present year took place, the following being 
elected: 

Hon, President—Megr. C. P. Choquette. 

President—Dr. A. Howard MacCordick. 

1st Vice-President—Mr. H. E. S. Asbury. 

2nd Vice-President—Col. W. E. Lyman. 

Treasurer—Prof. A. J. Kelly. 

Secretary—Dr. A. Vibert Douglas. 

Assistant Secretary—Miss V. Johnston. 

Council—Dr. A. S. Eve, Dr. J. B. McCorneli, Mr. P. A. Waterman, Mr. J. 
T. Armand, Mr. Justice E. E. Howard, Miss J. Fleet, Mr. G. Sample, Mr. J. 
Lutrell. 
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Mr. Walter McBroom was elected to membership in the Society. 

The lecturer of the evening was Mr. R. M. Motherwell of the Dominion 
Observatory, Ottawa, who gave an address on “‘Comets”’. 

A general description of comets, their appearance, occurrence and periodicity 
was given. Some 900 comets are on record, 500 of these being since the year 
1660. Of these many are, of course, returns of periodic comets. The periods 
vary from about 3 years to 100 years in general, there being only 20 comets 
known whose periods exceed 100 years. 

Slides were shown of some of the most famous comets, of which Halley’s 
is of greatest historical interest and Morehouse’s of greatest physical interest on 
account of its rapidly changing tail. 

Spectroscopic evidence shows that when far distant foam the sun a comet is 
shedding very little, if any, light of its own, so that like the planets it is seen by 
reflected sunlight, but on approaching the sun its atoms become stimulated so 
that it becomes self-luminous and its head expands while its gaseous tail is 
forced outwards by the pressure of the sunlight forming a hollow cone-shaped 
film thousands of miles in extent and so rare that 200 cu. miles of tail would 
contain no more matter than 1 cu. inch of air at normal pressure (76 cm. Hg.). 
Much of this tail material is carbon monoxide. 

In thanking the lecturer, Dr. A. S. Eve recalled that some twenty years 
ago he had listened to Professor Cox lecturing upon the then new theory of the 
pressure of light. He paid high tribute to the fine scientific work that is being 
done quietly and efficiently by the civil servants and moved a vote of thanks to 
Mr. Motherwell. 


By invitation of the McGill Chapter of the Sigma Xi, the R.A.S.C. met 
jointly with that Society, and the McGill Physical Society, in the Macdonald 
Physics Laboratory at 8.15 p.m. on Friday, November 23rd. 

The President of Sigma Xi, Dean H. M. Mackay, was in the chair. 

Dr. A. P. Coleman, F.R.S., Emeritus Professor of Geology at Toronto 
University, and the greatest authority on Glaciology, addressed the meeting 
on “Ice Ages in Canada” 

With the aid of beautifully tinted lantern slides Dr. Coleman showed the 
evidences of ice action, morraine deposits, boulder clay, roches moutonés, scratched 
and polished surfaces of pebbles and boulders. Then he showed views of various 
parts of Canada, particularly Ontario and Quebec, where the evidence for the 
recurrence of ice ages was easily seen. Tables were shown of the various geological 
periods and the corresponding occurrences of glaciation either local or wide- 
spread. The last ice age over Eastern Canada was at its height about 25,000 
years ago and before that there had been a period of perhaps 150,000 years, 
during the middle portion of which the temperature was much hotter than it is 
at present. In that interglacial period, semi-tropical flora covered these parts 
of Canada as proved by fossils found in the strata deposited at that time. At 
one time the ice cap over this part of Canada was 5,000 feet thick. The lecturer 
stated his belief that at the present time we are slowly approaching the hottest 
stage of another interglacial epoch. 
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In answer to a question as to the cause of ice ages, Dr. Coleman said that of 
the many theories, astronomical or geophysical, there is none which satisfactorily 
explains all the known facts of the recent and ancient ice ages which have occurred 
in the history of the earth. 

A very hearty vote of thanks was proposed by Dr. F. D. Adams, F.R.S., 
and seconded by Dr. A. S. Eve, F.R.S. 

A. VisERT DovuG as, 
Secretary. 


AT VICTORIA 


Oct. 23, 1928.—Upon the invitation of Mr. F. Napier Denison, Director, 
the Society held its first meeting of the fall term, 1928, in the Meteorological 
Observatory, Gonzales Heights, Tuesday, October 23rd. 

As the night was unusually clear and favourable for observing, the first 
period of the evening was spent in observing the moon, aged 9 days, and the planet 
Jupiter through Mr. Denison’s telescope, and the 3% inch portable refractor 
of the Dominion Astrophysical Observatory, which was loaned by Dr. Plaskett. 
The seeing was excellent and a splendid view of Jupiter and its four major 
satellites was obtained. The flattening of the disc, due to the planet’s low density 
and rapid axial rotation, was very noticeable, and several cloud belts were dis- 
tinguished even with the low power magnification of 125 diameters. The moon, 
which was at its best phase for observation, presented a most pleasing sight, 
the craters standing out remarkably clear and distinct. 

Mr. Denison then conducted the members to the seismological vault of the 
Observatory and showed them the old Milne instrument for recording the 
horizontal components of earthquakes. This instrument has now been super- 
seded by a more modern one. Mr. Denison explained the working of the ap- 
paratus, gave illustrations of its sensitivity and answered a number of questions 
on seismology. 

Adjourning to the main room, the Director addressed the Society upon the 
work of the Observatory, illustrating his remarks by lantern slides. He reviewed 
the climate of B.C., showing many graphs of rainfall, sunshine and other meteor- 
ological data for various places in the Province. In this comparison the superior 
climate of Victoria was quite evident, considered from every angle. 

Mr. Denison concluded his discussion by referring to his discovery that the 
seismological records showed an unmistakable periodic tilting of Gonzales 
Heights towards the north-east. The effect has not been studied long enough to 
definitely establish the cause. Some evidence was also presented which indicated, 
Mr. Denison thought, a correlation between the intensity of the horizontal 
components of earthquakes and the horizontal components of the earth’s magnetic 
force. This effect was still under consideration. 


A vote of thanks, moved by Mr. W. E. Harper, seconded by Mr. P. H. 
Hughes, was returned to Mr. Denison for his kindness in inviting the Society to 
visit his Observatory. 
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The meeting then adjourned, the members retiring to the roof of the Ob- 
servatory to continue their observations of the Moon, Jupiter, the Pleiades and 
other celestial objects. 


AT TORONTO 


Dec. 4.—The regular meeting of the Society was held in the Physics Building 
of the University at 8 p.m., Mr. J. R. Collins in the chair. 

Two nominees of last meeting were duly elected to membership: 

Mr. J. H. Knowles, 812 Broadview Avenue, Toronto. 

Mr. A. E. Weatherbe, 25 Langley Avenue, Toronto. 

The following were nominated: 

Mr. Roy Marshall, 87 Park Avenue, Delaware, Ohio. 

Mr. Wilfred Gibbs Schroeder, 6540 5th Avenue, Kenosha, Wis., U.S. 

A. D. Armour, Esq., K.C., Confederation Life Building, Toronto. 

The speaker of the evening was Prof. E. F. Burton, of the Department of 
Physics in the University of Toronto. His subject was ‘The Scattering of 
Light”. He stated that everything seen by the eye was due to the scattering 
or diffusion of light, the rays reaching our ryes were those reflected from small 
surfaces. He explained the two theories, of wave motion, and the corpuscular 
theory. It was an open question as to which was correct. He thought that 
authorities were about equally divided. A most interesting part of the lecture 
to the audience was the demonstration and the beautiful colour effects produced 
artificially. A wonderful sunset effect was shown on the ceiling by a reflection 
from a jar of water in which chemical action was taking place. The lecturer also 
showed how the sun was seen by refraction after the sun had disappeared below 
the geometrical horizon. 

The thanks of the meeting was tendered to the lecturer by the chairman 
after Dr. Chant had moved a generous vote of thanks. 

E. J. A. KENNEDy, 
Secretary. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 


The objects of the Society, incorporated in 1890, are: 


(a) ‘To study Astronomy, Astrophysics and such cognate subjects as 
shall be approved of by the Society and as shall, in its opinion, 
tend to the better consideration and elucidation of Astronomical 
and Astrophysical problems; and to diffuse theoretical and practical 
knowledge with respect to such subjects. 


(b) To publish from time to time the results of the work of the Society; 
and, 


(c) To acquire and maintain a Library, and such apparatus and real 
and personal property as may be necessary and convenient for 
the carrying into effect of the objects of the Society.”’ 


For many years the Toronto organization existed alone, but now the 
Society is national in extent, having active Centres in Montreal, P.Q.; 
Ottawa, Ont.; Toronto, Ont.; London, Ont.; Winnipeg, Man.; and Victoria, 
B.C. Among its 800 members are a number of the leading astronomers 
and scientists of the world, many amateurs, and in addition, many laymen 
who are interested in the culture of the science. 

Membership in the Society is open to anyone interested in Astronomy. 
The annual dues are $2.00; life membership $25.00 (no further dues). 
The annual fee includes subscription to the publications. 

The Society publishes a monthly JouRNAL containing about 400 pages 
of interesting articles, and the yearly HANDBOOK of 72 pages containing 
valuable information for the amateur observer. Single copies of the 
JOURNAL or HANDBOOK are 25 cents. 


The Library and the Offices of the Society are at 198 College St., 


Toronto, Ont. Applications for membership, or for further information 
should be addressed to: 


General Secretary—Dr. Lachlan Gilchrist, 198 College St., Toronto, Ont. 

Montreal Secretary—Dr. A. V. Douglas, Physics Building, McGill 
University, Montreal, P.Q. 

Ottawa Secretary—A. H. Hawkins, D.L.S., Topographical Surveys, 
Ottawa, Ont. 


Toronto Secretary—E. J. A. Kennedy, Esq., 198 College St., Toronto, 
Ont. 


London Secretary—Dr. E. T. White, 34 Marley Place, London, Ont. 
Winnipeg Secretary—Mrts. J. Norris, 569 Sherburn St., Winnipeg, Man. 


Victoria Secretary—Dr. C. S. Beals, Dominion Astrophysical Observa- 
tory, Victoria B.C. 
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